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I. Introduction 

European investigators of the Juglandaceae have studied the mor- 
phology of Juglans regia chiefly, while in America Hicoria pecan has 
received most attention. A thoroughly critical investigation of the 
vascular anatomy of the fruit of H. pecan or of any other species of 
this family has not been recorded. 

In 1862 DE CANDOLLE (5) concluded that the ovule of the Juglan- 
daceae was orthotropous, sessile, and its placentation free central. 
He pointed out also that the cotyledons in this family were bifur- 
cated. ROWLEE and HAstiNGs (12) agreed with DE CANDOLLE on 
the interpretation of the cotyledons in several species of Juglans and 
Hicoria. VAN TIEGHEM (15) suggested that the ovule might be con- 
sidered anatropous, and attempted an interpretation of its vascular 
system. BrAuN (4) concluded that the inner structure of the nut of 
Juglans and of Hicoria were the same. NAWASCHIN (9) reported 
chalazogamy in J. regia. He pointed out that winged evaginations 
developing from the placenta perpendicular to the septum were 
pressed against and fused with the walls of the ovary, serving as a 
medium through which the pollen tube passed on its way to the 
ovule. BILLINGs (3) reported chalazogamy in H. pecan, agreeing 
essentially with the report of NAWASCHIN. He illustrated the vascu- 
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lar system of the ovule as diverging at right angles from the septal 
bundles. KARSTEN (11) concluded that no megaspore mother cell 
was differentiated in the carpellate flowers of Juglans and Hicoria, 
but that a general sporogenous tissue gave rise to the megagameto- 
phyte. NICOLOFF (10) confirmed the work of DE CANDOLLE in all 
important features, including the free central placentation of the 
ovule of J. regia. He did not find the general sporogenous tissue de- 
scribed by KARSTEN, nor was he able to distinguish an archespore. 
N. C. Wooproor (18) concluded that a megaspore mother cell gave 
rise to a linear tetrad of megaspores in H. pecan, and that the chalazal 
megaspore developed into the megagametophyte. BENSON and 
WeEtsrorp (2) attacked the view of NICOLOFF (10) concerning the 
mode of placentation and concluded that the notion presented by 
VAN TIEGHEM (15) was correct. These investigators described and 
illustrated diagrammatically the vascular system of J. regia, and 
concluded that the septal bundles represented the marginal bundles 
of the carpels. SHUHART (13) concluded that the primordia of the 
carpellate flower of H. pecan were initiated in the spring of the year 
in which they are pollinated, and traced early stages in the develop- 
ment of the fruit. Wooproor and Wooproor (16) agreed on the 
time of initiation of carpellate flower primordia, and later (17) called 
attention to the vascular bundles which are within the shell of H. 
pecan. ‘They also traced later stages in the development of the em- 
bryo. IsBELL (8) confirmed former workers as to the time at which 
carpellate flowers of H. pecan were differentiated. ADRIANCE (1) re- 
cently called attention to the similarity in the orientation of the 
stigmas of J. regia and H. pecan. He concluded that the ovule of the 
latter was orthotropous and sessile, and illustrated a portion of the 
septal bundles. 
II. Bracts and sepals 

The four-lobed calyx of the carpellate flower of Hicoria pecan per- 
sists in the mature fruit. Lines continuous with the edges of the four 
sepals are traceable on the cupule along the lines of its sutures. The 
outer sepal of some of the lower flowers of the cluster is greatly en- 
larged, and has been thought by some workers to represent a mem- 
ber undiverged from the subtending bract of the individual flower. 
Several stages of development in the inflorescence precede the 
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initiation of the sepal primordia. Following the broadening of the 
growing point, described by SHUHART (14) as the first visible stage 
in the differentiation of the carpellate inflorescence in Hicoria pecan, 
the primordium for the entire floral axis appears in the center of this 
broadened area (figs. 1-3). There soon appears on the area surround- 
ing this axial primordium a group of five lateral primordia, each of 
which eventually develops as an individual flower (figs. 4-6). Judg- 
ing from the later appearance of the inflorescence, these primordia 
are spirally arranged in the same manner as the leaves of the stem, 
although they appear as a cycle early in their development. Accord- 
ing to DE CANDOLLE (5), VAN TIEGHEM (15), and NICOLOFF (10), in 
other species of the Juglandaceae each of these lateral protuberances 
is the primordium of a bract subtending an individual flower; such 
is not the case in Hicoria pecan. In this species two of the upper leaf 
primordia usually develop into large bracts which fold over the other 
members of the developing floral cluster. One of the two or three 
serial bud primordia in the axil of each of these bracts sometimes de- 
velops into carpellate flowers. The outer sepals of such flowers are 
entirely separate from the bract (fig. 13). The other primordia, which 
fail to differentiate into carpellate flowers, are vegetative buds even 
though located on the peduncle of the inflorescence, this being the 
method of origin of the false terminal buds of type four referred to 
by SHUHART (14). 

The protective function of the bracts which develop from the 
upper leaf primordia is augmented by the greatly enlarged outer 
sepal on the first or second flower of the cluster (figs. 7, 10, 12). 
Median flowers of the cluster do not develop such large outer sepals 
(figs. 8, 9). The upper flower primordia of the inflorescence some- 
times fail to initiate more than two sepal primordia (fig. 11). This 
results in the occasional development of a flower with a two-lobed 
perianth. A critical study of the vascular system of the enlarged 
outer sepals of the lower flowers of several varieties of Hicoria pecan 
revealed no vestige of a structure corresponding to the bracts de- 
scribed by NicoLorF (10) for Juglans. Bracts need not be present 
in the upper flowers since the habit of H. pecan is to develop several 
serial buds in the axil of a single leaf. If the bract is considered as 
present then it is undiverged from the flower. 
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Fics. 1-17.—Fig. 1, last leaf primordia (1) and growing point (G) of dormant, subterminally later 
bud in November; no primordia of axillary buds present. Fig. 2, narrow growing point (G) of vegetativay 
bud after growth has started in spring; axillary bud primordia (B) formed. Fig. 3, broadened growin 
point (G) of blossom bud just as growth is starting in spring but before axillary bud primordia have 
formed. Fig. 4, primordia of carpellate flowers (/) developed simultaneously with primordia of uppe 
axillary buds (B); growing point (G) of axis of inflorescence at center of group of five flower primordia 
Fig. 5, growing point of axis of inflorescence (G). Fig. 6, top view of fig. 5 showing sepal primordia (S) 
Fig. 7, lower flower of Schley variety showing greatly enlarged outer sepal (S). Fig. 8, median flowel 
showing only slight enlargement of outer sepal (S). Fig. 9, median flower showing five sepal primordia 
Fig. 10, lower flower of Indiana variety showing greatly enlarged outer sepal (S). Fig. 11, upper flowe! 
with only two sepal primordia (these sometimes develop into a 2-lobed perianth). Fig. 12, young im 
florescence of Indiana variety; function of single bract (B) augmented by the greatly enlarged outer 
sepal (S) of first flower of cluster. Fig. 13, inflorescence of Schley variety showing carpellate flower (F 
which developed from primordium in axil of last compound leaflet. Fig. 14, primordia of carpels (C 
(laterally located with reference to axis of inflorescence). Fig. 15, two protuberances (P) lateral to 
placenta and in plane of septum observed in flower dissected under binocular. Fig. 16, carpellate flower 
of Schley variety; plane of stigma tips (ST) parallel to axis of inflorescence (A). Fig. 17, unnamed 
variety showing indication of bifurcation of stigmas to form stigma tips (ST) (cf. figs. 14 and 16); plane 
of stigma tips perpendicular to plane of dorsal bundles of carpels. 
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SHUHART (14) observed that in the Burkett variety four points on 
the apparently single primordium of the flower elongated more 
rapidly than the remaining portion, thus giving rise to the four-sepal 
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primordia almost simultaneously. The order of sequence in the initi- 


: ation of the sepals of this flower, when a difference in the time of 
t initiation is noticeable, does not agree entirely with that found in 
E Juglans regia by VAN TIEGHEM (15). The abaxial sepal primordium 
t forms first; the two lateral primordia are then formed; and the ad- 
axial sepal is the last member of the perianth to be initiated (fig. 14). 
: In their early development the sepals fold over and protect the 


inner parts of the flower. As floral development progresses they un- 
fold so that at pollination time they extend laterally as four ap- 
proximately equal, relatively thick, tapering divergences from the 
top of the receptacle (fig. 16). 


III. Cupule 


The cupule of Hicoria pecan comprises that portion of the fruit 
which dehisces from the nut at maturity. It is a specialized stem, 





and may be regarded as a cup-shaped receptacle dehiscing at four 
parenchymatous rays which are continuous with the edges of the 
sepals. In some varieties these sutures are extended outwardly into 


keel-shaped structures, while in others there is almost no external in- 
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dication of the lines of dehiscence. Dehiscence occurs not only be- 
tween the four sectors of the cupule, but also at the surface of the nut. 
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Transverse sections of a young fruit show a line of thin-walled 
parenchyma surrounding that portion of the carpel wall which ma- 
tures as a shell. This parenchyma is continuous with the similar 
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parenchyma of the sutures between the four sectors of the cupule. 
Each sector of these sections contains a segment of an outer ring of 
bundles. Each segment of this ring is made up of from 15 to 20 col- 
lateral bundles which are completely ensheathed in parenchyma, and 
which show normal orientation. In addition to this outer ring there 
is an inner ring of a smaller number of bundles (figs. 22-26). The 
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inner ring of bundles is adjacent to the thin-walled parenchyma 





which is the line of dehiscence between the cupule and the shell of 
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nora the nut. The collateral bundles of the inner ring are likewise en- 
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ing im sheathed in parenchyma, but they show reversed orientation. 
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Radial sections through a mature flower show that the bundles of 
the outer ring as seen in transverse section are extended to a level 
just below the top of the cupule, thus forming an outer vascular cyl- 
inder dissected by four parenchymatous rays. At the top of this 
cylinder the sepal bundles diverge. The cylinder of bundles then 
extends inward for a short distance, and then downward, resulting in 
complete reversal of the orientation of the bundles. This reversal oc- 
curs at lower levels along the lines of dehiscence of the cupule, but 
the majority occurs in the upper portion. These reversely oriented 
bundles extend to the base of the cupule, thus forming an inner cyl- 
inder of reversely oriented bundles. In both abaxial and adaxial sec- 
tors of the cupule, some vascular bundles diverge from the inner cyl- 
inder of bundles at a level slightly below the top of the cylinder (figs. 
18, 19, 20, 42). These bundles extend to the tips of the stigmas. No 
divergences corresponding to these occur in the two lateral sectors. 

The area between the outer cylinder of bundles and the outside of 
the cupule consists of cortical parenchyma and an epidermal layer 
of cells from which arise many glandular hairs. This tissue is an ex- 
tension of the cortex of the stem. The area between the outer and 
inner ring of bundles is an extension of the medullary parenchyma of 
the stem. In both the cortical and the medullary parenchyma of the 
stem many cells are filled with a densely staining substance, and 
many contain crystals of calcium oxalate. These same substances 
are present in the cortical and medullary parenchyma of the cupule. 

At the base of the cup-shaped receptacle, the inner cylinder of re- 
versely oriented bundles again extends toward the center and is 
again extended upward so that it forms a third cylinder of bundles 
at this level (fig. 27). It is at this point that the dorsal bundles of the 
carpels diverge. 


IV. Carpels 


In Hicoria pecan the two carpels which normally form the ovary 
are lateral with respect to the axis of the inflorescence, and are oc- 
casionally distinguishable from each other at the time of their initia- 
tion by a slight indentation between the carpels (fig. 14). Often 
these indentations are entirely absent, and the carpels appear to de- 
velop as an unbroken ridge of tissues around the retarded central 
part of the axis. The carpels continue to develop, forming a tubular 
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Fics. 18-29.—Fig. 18, diagram of vascular system of H. pecan through septal bun- 
dles showing location of cross-sections shown in figs. r9-29. Fig. 19, vascular bundles 
(V) which diverge from stele at top of cupule and extend to stigma tips. Fig. 20, same 
vascular bundles (V) at lower level; dorsal bundles absent. Fig. 21, at point of diver- 
gence of sepals; dorsal bundles (D) extend slightly above this level. Fig. 22, outer 
(CB) and inner (B) rings of cupule bundles; dark areas are groups of parenchyma cells 
filled with deeply staining substance, probably tannin. Fig. 23, median section through 
ovule. Fig. 24, septal bundles (P?) and bundles of integument (/) (note typical stelar 
cylinder which these latter bundles form). Fig. 25, two groups (8) of horizontally ex- 
tended bundles in center of septum which are continuous with septal bundles (P) 
at higher level (note the two slitlike locules). Fig. 26, second septum beginning to form 
at base of the two locules. Fig. 27, showing three stelar rings, all of which are the same 
bundles differently oriented: outer ring is normally oriented; middle ring is reversely 
pore ge and center ring is also normally oriented; dorsal bundles (D) diverging from 
stele. Fig. 28, showing point at which ‘upward extension of second ring of bundles 
occurs. Fig. 29, showing absence of connections between bundles of inner rings and 
those of outer ring below carpels (and very few occur below the level of base of ovule). 
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structure; the axis elongates independently of and free from them. 
When the carpels are approximately 1 mm. in length, the growing 
point of the axis has formed a columnar central placenta. 

The exact manner in which the septum is developed has proved 
difficult to ascertain. Some evidence exists which apparently indi- 
cates that two protuberances, on opposite sides of the central col- 
umnar placenta and in the plane between the two carpels, grow 
against and actually fuse with the inner edges of the carpels. 

Dr CANDOLLE (5) pointed out that the ovaries in the Juglandaceae 
are at first uniloculate with a centrally elevated columnar placenta. 
NAWASCHIN (g) stated that this central placenta was not elevated 
freely but was in contact with the walls of the ovary and even fused 
with it in certain places. NICOLOFF (10) agreed that the placenta 
was not columnar in form. In Hicoria pecan the free columnar nature 
of the placenta is observable for only a very few days following its 
initiation (figs. 30, 31). Soon the initiation of the nucellus and the 
integument, together with the elevation of two areas or ridges, ex- 
tending abaxially and adaxially with respect to the axis of the in- 
florescence, more or less completely hides its early columnar nature. 
Further growth of the carpels results in the development of two large 
stigmas which often have deep, tortuous, forking, and intersecting 
folds. 

Dr CANDOLLE (5) pointed out that the mid-plane of the stigmas 
of Juglans is parallel to the axis of the inflorescence, while that of 
Hicoria is transverse to this axis, thus corresponding to the arrange- 
ment of the carpels. ADRIANCE (1) called attention to the fact that 
the plane of the stigmas was the same in both J. regia and H. pecan. 
A study of this point confirmed the observation of ADRIANCE, and 
further revealed that each stigma tip in H. pecan is apparently bi- 
furcated. In the normal two-carpelled flower, each tip of one carpel 
resulting from such bifurcation is undiverged from the adjacent tip 
of the opposite carpel (figs. 16, 17). 

The vascular system of the carpels consists of either two or three 
sets of bundles, depending on the manner in which it is interpreted. 
A transverse section at the base of the ovule shows two dorsal and 
two septal bundles. The septal bundles extend slightly above the 
top of the ovule. These two pairs of bundles originate from the third 





Fig. 30, columnar placenta. Fig. 31, longitudinal section of columnar 


FIGs. 30-41. 
placenta. Fig. 32, primordium of ovule on columnar placenta. Fig. 33, primordia of 
nucellus and integument. Fig. 34, ovule at archesporial stage. Fig. 35, ovule at linear 
tetrad stage. Fig. 36, ovule at 8-nucleate stage of megagametophyte. Fig. 37, ovule 
with long integument after fertilization. Fig. 38, ovule with short integument after 
fertilization. Fig. 39, transverse section near tip of integument showing its bifurcation. 
Fig. 40, transverse section of ovule after fertilization, showing endosperm. Fig. 41, 


zygote and endosperm. 
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ring of bundles referred to in the discussion of the cupule. A trans- 
verse section through the stigmas at a low level shows the two dorsal 
bundles and two bundle groups which are in the same plane as the 
septal bundles (figs. 21, 24). These latter are those bundles which 
extend to the tips of the stigmas. They diverge from the inner cyl- 
inder of the bundles of the cupule and are therefore reversely ori- 
ented at the level at which they diverge. They soon extend toward 
the tips of the stigmas and are normally oriented. 

Wooproor and Wooproor (17) indicated the presence of two 
vascular bundles in the shell and also two in the septum of Hicoria 
pecan. VAN TIEGHEM (15) as well as BENSON and WELSFORD (2) 
pointed out that the dorsal bundles of Juglans regia are not included 
in that portion of the ovary which becomes the shell of the nut. 
These investigators considered the septal bundles as representing the 
lateral bundles of the inturned edges of the carpels. In J. regia they 
did not find bundle groups similar to those which extend to the tips 
of the stigmas in H. pecan. The writer has observed that the main 
bundles which extend to the tips of the stigmas in J. regia are the 
dorsal bundles of the carpels, but they appear to have other bundles 
associated with them. These latter bundles, however, are not the 
extended septal bundles as VAN TIEGHEM (15) thought. In H. pecan 
the dorsal bundles of the carpels extend approximately to the point 
at which the apparent bifurcation of the stigmas occurs. If the septal 
bundles are considered as the marginal bundles of the inturned edges 
of the carpels, this part of the vascular system corresponds to the 
dorsal and placental bundle complex frequently found in carpels; 
but those bundles which extend to the tips of the stigmas in Hicoria 
pecan are entirely disregarded. 

Some evidence has been observed which suggests that the septal 
bundles may be axial in nature. If this be true, another possible 
interpretation of the vascular system is to consider the bundles which 
extend to the tips of the stigmas as the marginal bundles of the car- 
pels, designating as dorsal bundles the same bundles as in the former 
case, and then considering the axial placenta as growing conjointly 
with the edges of the carpels on the adaxial-abaxial sides, just as it 
does in the opposite plane when a second septum is formed, thus 
producing a septum which is chiefly axial in nature. 
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The apparent protuberances which seem to diverge from the axis 
and which appear to grow against and fuse with the carpel walls 
may contain those provascular strands which in later development 
result in the septal bundles extending to a level above the top of the 
ovule. The apparent initiation of the protuberances occurs at a point 
so near the base of the carpels that they involve all of the base of the 
uniloculate ovarian cavity on the two sides where they occur. This 
seems to result in the very rapid change from a uniloculate to a bi- 
loculate condition of the lower part of the cavity. At the point at 
which these protuberances seem to be initiated, the columnar pla- 
centa is so completely meristematic that no well differentiated epi- 
dermis exists. No line of epidermis has been found after the appar- 
ent fusion has taken place. This fact has limited the evidence in sup- 
port of this view to the apparent protuberances on the columnar pla- 
centa immediately before the formation of the septum, and to the 
fact that in the dissection of a flower soon after formation of the 
septum began two well developed lateral protuberances have been 
observed (fig. 15). These lateral protuberances are not to be con- 
fused with the ‘‘winged evagination”’ of NAWASCHIN (g), which are 
the “‘outer integument” of KARSTEN (11), the “horns” of NICOLOFF 
(10), and the “‘concrescent trichomes” of BENSON and WELSFORD 
(2). These variously named structures are not so conspicuous in 
Hicoria pecan, which has only a vestige of a second septum. In other 
members of the Juglandaceae, especially in Juglans regia, they ap- 
pear to be an upward extension, above the base of the ovarian aper- 
ture, of that tissue which forms a second septum and are thus located 
in a plane at right angles to the plane of the original septum. 

In his interpretation of the vascular system of the septum of 
Juglans regia, VAN TIEGHEM (15) concluded that after the diver- 
gence of all other bundles in the carpellate flower, four remaining 
bundles of the stele extended first toward the center and then up- 
ward, to form the placental bundles. He considered the dual vas- 
cular supply from these bundles to the ovule as equivalent to funic- 
uli. BENSON and WELSFORD (2) agreed with these conclusions, and 
described the septal bundles as diverging from the stele at a higher 
level than that at which the dorsal bundles diverge. 

Observations made on Juglans regia by the writer did not entirely 
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agree with the findings of VAN “TIEGHEM and BENSON and WELSs- 
FORD. The two septal bundles originate in exactly the same manner 
as they do in Hicoria pecan, This point, however, is very obscure in 
the former case (figs. 44, 45), whereas in the latter (figs. 42, 43) it is 
relatively easy to observe. Instead of three separate rings of bun- 
dles, as seen in a transverse section at the base of the cupule of H. 
pecan, a similar section of J. regia shows that the bundles are dis- 
persed and present the appearance of a meristele. This condition 
persists more or less to about the level of the base of the ovule. Close 
observation of a section about the base of the ovule reveals that some 
of the inner bundles are either distinctly reversed in their orienta- 
tion or appear as bicollateral bundles. Often only a single row of 
parenchyma cells separates the normally oriented bundle from the 
reversely oriented one. These reversely oriented bundles first ex- 
tend to the proximal portion of the cupule and then extend inward 
almost to the center, just as they do in H. pecan (figs. 42-45). In 
J. regia the dorsal bundles diverge from those bundles of the stele 
which have been only normally oriented, while in H. pecan the dorsal 
bundles diverge from the third ring of bundles which are reversely 
oriented in the second ring. The septal bundles in H. pecan result 
from the anastomoses of those bundles which extend downward, then 
inward, and then upward near the center of the axis. 

NICOLOFF (10) endeavored to explain the development of the 
ridges and cavities of the shell by stating that four regions at the 
base of the ovary and four regions in the upper portion become cav- 
ities by the arrest of growth. BENSON and WELSFORD (2) indicated 
the presence of a packing tissue, but did not explain its morphologi- 
cal significance. Wooproor and WooproorF (17) adopted this same 
term and mentioned that this material is pressed back against the 
shell of the nut. The intimation in each case is that cavities are first 
formed and are then filled with the packing tissue. 

The inner tissue of the ovary, through differential development, 
forms a very thin-walled parenchymatous endocarp which assumes 
the contours in its development that the mature kernel of the nut 
will eventually have. Two cavities are formed by the arrest of 
growth at the base of the ovary, but these cavities do not assume the 
form of the mature kernel: they are present as narrow slits only. 
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S- & The upper part of the ovarian cavity remains uniloculate, but four 
er — areas of parenchymatous endocarp develop in this region. The walls 
In § — of this cavity are relatively smooth. The expansion of the integu- 
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Fig. 42, radial section through septal bundles (P) of H. pecan. Fig. 43, 





FIGS. 42-45. 
radial section through dorsal bundles (D) of H. pecan. Fig. 44, radial section through 
septal bundles (P) of J. regia. Fig. 45, radial section through dorsal bundles of J. regia 
(the ‘‘winged evaginations’”’ of NAWASCHIN (9) are present at W, and W,). 
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ment due to the increased growth of the endosperm crushes this thin- 
walled parenchyma and thus it takes that form which was deter- 
mined by the differential development of the carpellary tissue. 

Der CANDOLLE (5) concluded that the ovary wall became the shell 
of the nut in the Juglandaceae. NicoLorF (10) agreed with this in- 
terpretation, but neither of these workers mentioned the fact, 
pointed out by VAN TIEGHEM (15) as well as by BENSON and WELs- 
ford (2), that the dorsal bundles are not included in that portion 
which becomes the shell of the nut. While the mere differentiation 
of tissue due to lignification is not of sufficient morphological sig- 
nificance to distinguish that part which is carpel from that which is 
receptacle, the fact that the dorsal bundles are not included in the 
shell indicates that the shell of Juglans regia may be only a part of 
the ovary wall. In Hicoria pecan, however, these bundles are in- 
cluded in that portion which becomes the shell. Furthermore, the 
dried stigma often persists until maturity of the nut, and may be 
found on the end of a lignified style which connects it with the nut, 
thus indicating that the shell is the lignified outer portion of the 


ovary. Transverse sections of young nuts also substantiate this con- 
clusion. 



























































V. Ovule 

The ovule of the Juglandaceae has been studied by DE CANDOLLE 
(5), VAN TreGHEM (15), NAWASCHIN (9), KARSTEN (11), BILLINGS 
(3), BENSON and WELSFORD (2), N. C. Wooproor (18), and AprI- 
ANCE (1). These investigators, with the exception of BILLINGs, 
WooprooF, and ADRIANCE, who studied Hicoria pecan only, limited 
their studies principally to Juglans. The development of the mega- 
gametophyte of the ovule of H. pecan has been studied critically by 
WooprooF (18) alone. Each investigator, with the exception of VAN 
TIEGHEM (15) and BENSON and WELSFoRD (2), has either concluded 
or accepted the opinions of others that the ovule is orthotropous, 
sessile, and axial. These three investigators cited an unusual case in 
which the vascular system of the ovule was present on one side only, 
and concluded that the ovule of the Juglandaceae is in reality ana- 
tropous, and that the usual case in which the vascular system is pres- 
ent on both sides is a derived form. EAMEs and MACDANIELS (6) 
also illustrate this special case. 
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VAN TIEGHEM (15) also advanced the idea that the ovule of Jug- 
lans is formed from a single lobe of the carpellary leaf, and that the 
vascular bundles which supply the ovule are equivalent to funiculi. 
His view, however, was opposed at once by GERMAIN (77), who stated 
that in the majority of plants the ovule originates as a bud produced 
from a small mass of cellular tissue on the edge of a carpellary leaf. 

The nucellus of the ovule in Hicoria pecan is initiated as a rela- 
tively narrow, bluntly conical primordium, terminating the short 
columnar placenta (fig. 32). It is a central prolongation of the axis. 
Within three days from the time of the appearance of this primor- 
dium, the integument is initiated at two points on opposite sides of 
the nucellus (fig. 33). The provascular strands of the ovule appear 
as downward, then inward, and then upward extensions of both 
septal bundles (fig. 36). 

The initiation of the integument at two points in Juglans in- 
duced BENSON and WELSFoRD (2) to state that the integument is 
dual in nature. The integument of Hicoria pecan is bifurcated at its 
upper end as a probable result of its initiation at two points, but 
no further indication of a dual integument exists (fig. 39). 

The integument as a whole remains meristematic for a long time, 
making eventual expansion into all cavities within the shell possible. 
BILLINGS (3) concluded that the integument tightly inclosed the 
nucellus at the time of pollination. Wooproor (18) observed that 
the integument only half inclosed the nucellus at the time of pollina- 
tion, but mentioned that this might vary with varieties. She also 
noted that the time of pollination was simultaneous with the differ- 
entiation of the linear tetrad of megaspores. The time of pollination 
varies greatly with seasonal conditions, and to some extent with vari- 
eties. Usually it coincides with the differentiation of the eight nuclei 
of the megagametophyte (fig. 36). At this time the integument may 
be from one-half to two-thirds the length of the nucellus, which is 
not entirely inclosed until after fertilization. Sufficient variation ex- 
ists to prevent the attachment of any morphological significance to 
the rate of development of the integument, as compared with that of 
the nucellus, unless there may be some bearing on chalazogamy 


(figs. 37, 38). 
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VI. Megagametophyte 


While neither KARSTEN (11) nor NICcOLoFF (10) was able to find 
a definitely differentiated megaspore mother cell in the species of 
Juglandaceae which they studied, Wooproor (18) reported its pres- 
ence in Hicoria pecan. This conclusion is confirmed by the present 
investigation. A well differentiated megaspore mother cell, the large 
nucleus of which has a very large nucleolus, was found in the nucellus 
of ovules approximately three days after the primordium of the 
nucellus was initiated (fig. 34). About three days later the four mega- 
spores were present in a linear tetrad, and in approximately three 
more days three of the megaspores were disintegrating, while the 
fourth, or chalazal megaspore, was considerably enlarged (fig. 35). 
Six days later the eight nucleate megagametophytes were found 
(fig. 36). Fusion of the polar nuclei occurred soon after formation of 
the eight nuclei. This also confirms Wooproor’s (18) conclusions. 


VII. Endosperm and embryo 

Fertilization occurred within two weeks after the maturity of the 
megagametophyte. Long delayed fertilization was not observed. 
The zygote lies at the micropylar end of the embryo sac (fig. 41). 
The nuclei of the endosperm apparently divide freely, as described 
by N. C. Wooproor, migrating to the periphery of the embryo sac, 
where they are held together by a mass of protoplasm, forming a 
saclike structure which is apparently free of cell walls at first (figs. 
40, 41). Later in its development cell walls are present. At the time 
the embryo begins to develop (about September 1 at Stillwater, 
Oklahoma), the cell walls of the endosperm appear as a network with 
a more or less hexagonal mesh when observed in tangential section. 
The inner portion of this saclike structure is occupied by a large 
vacuole filled with a clear fluid which gives an acid reaction and 
strongly reduces Fehling’s solution. The endosperm digests the nu- 
cellus, and continues to increase in volume by frequent nuclear divi- 
sions and an increase of the central substance of its vacuole. The 
increasing volume apparently forces the enlarging integument first 
into the cavities of the carpels, and then results in the crushing and 
digestion of the very thin-walled parenchymatous endocarp. In this 
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way the integument takes the shape determined by the differential 
growth of carpellary tissue. 

The development of the embryo has been observed to occur as de- 
scribed by WoopRrooF and WooproorF, except that orientation of the 
cotyledons of the embryo is opposite to that described by these 
workers. The plane of the cotyledons coincides with the plane of the 
middle septum. The cotyledons are bifurcated early in their develop- 
ment, and the halves of each cotyledon grow into each cavity as de- 
scribed by DE CANDOLLE (5), ROWLEE and HASTINGS (12), NICOLOFF 
(10), and others. The cotyledons of the embryo grow between the 
integument and the endosperm, digesting the latter as they grow, 
but eventually completely surrounding the endosperm before it is 
entirely digested. This results in much-folded cotyledons. At ma- 
turity these folds are tightly pressed together and are held in place 
by the integument. The remnant of endosperm between the folds 
consists of the thin crushed walls which persist after their contents 
have been digested by the embryo. This remnant of endosperm is 
apparently that tissue which has been referred to by WoopROOF and 
Wooproor (17) as a membrane of unknown origin. In some vari- 
eties and under some cultural conditions the space between the folds 
of the cotyledons persists and appears as a cavity in the center of the 
kernels. In those nuts in which the folds of the cotyledons have been 
tightly pressed together, the only indication of their previous separa- 
tion is the presence of a double line of epidermis where the two parts 
meet. 

VIII. Summary and conclusions 

1. The primordia of carpellate flowers, although spirally arranged, 
at first appear as a cycle of five protuberances on the broadened 
growing point of the axis. Bracts present at the base of the inflores- 
cence sometimes have carpellate flowers in their axils. No vestige of 
a bract, either external or internal, could be distinguished as a part 
of the enlarged outer sepals of any of the flowers of the cluster. 

2. The cupule of Hicoria pecan is a specialized stem and may be 
regarded as a cup-shaped receptacle of four sectors. Its vascular sys- 
tem as seen in transverse section consists of four segments of tissue, 
in which can be discerned an outer and an inner ring of bundles, dis- 
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sected into four groups by parenchymatous rays. The outer ring is 
a section of an outer vascular cylinder which is normally oriented, 
and from it the sepal bundles diverge near the top of the cupule. The 
bundles of the outer cylinder extend inward and then downward, so 
that an inner cylinder of bundles is formed. These bundles extend to 
the base of the cupule where they are directed upward again, so that 
a third cylinder is formed in the basal portion of the cupule. Two 
bundle groups diverge from the reversed bundles near the top of two 
of the sectors and are continued to the tips of the stigmas. 

3. In Hicoria pecan the plane between the carpels, the plane of 
the stigmas, and the plane of the septal bundles coincide and are 
parallel to the axis of the inflorescence. In Juglans regia the plane 
of the stigmas is perpendicular to the plane of the septal bundles and 
the plane between the carpels. The two latter planes coincide and 
are transverse to the axis of the inflorescence. The stigma tips of 
Hicoria pecan apparently represent the undiverged halves of two 
bifurcated stigmas. The dorsal bundles of the carpels of Hicoria pe- 
can diverge from the third ring of bundles. The remaining bundles 
of this ring form the septal bundles. The carpellary cavity, at first 
uniloculate, becomes biloculate in the lower portion by the conjoint 
growth of the axis and the septum. ‘The shell of the nut is principally 
that portion of the carpel walls which matures as a hard lignified 
exocarp. The ridges on the inner surface are formed by the harden- 
ing of a mesocarp resulting from the differential development of car- 
pellary tissue. The parenchymatous endocarp is pressed back and 
absorbed by the expanding integument. 

4. The ovule is orthotropous, sessile, and axial in its dependence. 
The single integument is initiated at two points and remains bifur- 
cated at its tip. A megaspore mother cell is observable approxi- 
mately six days after the initiation of the primordium of the ovule. 
The chalazal megaspore continues to develop while the other three 
disintegrate. Fusion of the polar nuclei occurs soon after formation 
of the eight-nucleate stage. 

5. Fertilization occurs approximately two weeks after pollination. 
The endosperm nuclei divide frequently and are arranged peripher- 
ally, forming a saclike structure, apparently free of cell walls. The 
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zygote lies at the micropylar end of the embryo sac and remains in- 
active for several weeks. 

6. The cotyledons of the embryo are oriented transversely to the 
septum and are bifurcated at the edge of the septum. They are much 
folded and sometimes cavities are formed between the folds. In 
closely folded cotyledons the line of contact of the two parts is 
marked only by a double row of epidermal cells. 

7. The fruit of Hicoria pecan is a kind of pome fruit and consists 
of a specialized stem which surrounds a normally two-carpelled 
but single-ovuled ovary. It matures dry, and dehisces along four 
parenchymatous rays and at the surface of the carpels. It includes 
the true fruit, which is a nut formed by the lignification of the 
exocarp into a hard shell surrounding a single, loose, two-lobed 
orthotropous seed, the embryo of which has bifurcated and folded 


cotyledons. 


The writer expresses gratitude io Professor E. J. Kraus for his 
valuable counsel and constructive criticisms during the progress of 
the investigation. Acknowledgments are due Mr. J. T. JARDINE, 
Director of the Oregon Agricultural Experiment Station, through 
whose courtesy the carpellate flowers of Juglans regia were obtained 
for comparative study. 

OKLAHOMA A, & M. COLLEGE 
STILLWATER, OKLA. 
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EFFECT OF ULTRAVIOLET RADIATION ON GROWTH 
AND RESPIRATION OF PEA SEEDS, WITH 
NOTES ON STATISTICS 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 428 
MORTIMER P. MASURE 
(WITH ONE FIGURE) 

Introduction 

Many studies have been conducted on the effect of ultraviolet 
rays on both plants and animals, and the antirachitic action of 
these rays on animals is generally known; but as LAURENS (15) has 
stated, there still remain some who hold that ultraviolet energy of 
a given range of wave length has never been demonstrated to be 
capable, in and of itself, of preventing rickets or nutritional dis- 
turbances. With the present lack of filters adequate for the isolation 
of narrow bands of ultraviolet energy, it seems that this may well be 
true. One fact is generally conceded in the case of plants, however, 
and that is that raying with an unscreened quartz mercury arc 
causes injury to seed plants owing to the presence of the shorter 
ultraviolet rays. 

In view of these conditions, and as the result of a brief preliminary 
study conducted in 1929, originally suggested by Dr. C. A. SHULL, 
it seemed desirable to study the effect on pea seeds of irradiation 
with an isolated band of long-wave length ultraviolet radiation. 

In a discussion of the effects of ultraviolet radiation, it is of value 
to note the suggestion made by REDFIELD and BricHT (23) in 
their work on the physiological action of ionizing radiations, that 
the mechanism underlying the action of ultraviolet radiation is due 
to a physical property, its ability to ionize matter, causing electrons 
to become detached as it passes through it, and to fly off with a 
quantity of energy which depends upon the quality of the primary 
radiation in question. 

SHEARD and JOHNSON (25), in a study of the effects of various 
types of irradiation on electrical changes in plants, concluded that 
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growth is evinced, in part at least, by changes in electromotive 
force, and is largely dependent on and stimulated by the ultraviolet 
and infra-red regions of sunlight. 

LEPESCHKIN (16), in a study of permeability, found that the rays 
most active in increasing permeability of Elodea leaves were those 
with a wave length of 3200 to 4200 Angstrom units (1 millimicron = 
10 A.u.), that is, ultraviolet rays bordering on visible violet. 

Hiccins and SHEARD (14), in irradiating lettuce, radish, cucum- 
ber, and turnip seeds daily with a quartz mercury lamp screened to 
transmit selected portions of the spectrum, found that the most 
rapid germination and growth was made by the seedlings receiving 
radiations ranging from 3200 to 3900 Angstrom units wave length. 
They state that shorter ultraviolet, of wave lengths of 2700 to 3200 
A.u., is inhibitory in its action. SHEARD, H1GGINs, and Foster (24), 
using a series of Corning filters, found the greatest number of seed 
germinations, and the greatest height and weight of growing plants, 
in those irradiated in the longer ultraviolet, and in the infra-red 
region; chlorophyll development was least in these two regions and 
greatest in the green. 

VALENTIN (27) found that with plant seeds behind ultraviolet 
glass, a noticeable increase in the germination process occurred: ra- 
pidity of growth, however, was only to per cent greater than in 
plants under ordinary glass. 

On the other hand, Popp (20) found: (1) that ultraviolet of 3000- 
4000 A.u. produced a somewhat lower rate and final amount of 
germination with his seeds; (2) that exposures of dry seeds to the 
full ultraviolet of a quartz mercury lamp have little or no effect on 
germination and growth, even after 188 hours of exposure; and (3) 
that exposures of less than 2 hours’ duration on ungerminated soaked 
seeds do not have a marked effect on germination. The criticism of 
the second and third findings, just as of all other work carried on 
with the unscreened arc, is that under these circumstances we are 
dealing with a polychromatic radiation, ranging from the very short 
inhibitory rays to the longer visible ones, and not with just the one 
of ultraviolet. The shortest rays are markedly inhibitory, and Hic- 
GINS and SHEARD (14), HARRIS (12), and DELF and WESTBROOK (6) 
have all claimed that visible radiation interferes with the biological 
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action of the longer ultraviolet rays. It has just been shown by 
SHULL and LEMON (26), however, that the shorter ultraviolet radia- 
tions do not penetrate seed coats; therefore one should not expect 
inhibition, but possibly no influence at all. 

FULLER (10), in testing some of the work of Popr and Browy (21) 
and ARTHUR and NEWELL (3), in which they obtained negative re- 
sults with ultraviolet irradiation of growing plants, found a consid- 
erable increase in growth under certain conditions. 


Experimentation 


The problem was to determine the effect on the subsequent ger- 
mination and growth of pea seeds, of irradiation with an isolated 
band of long-wave length ultraviolet (3650 A.u.) rays. The effect on 
the rate of respiration of seedlings was also studied. 


MATERIALS AND METHODS 


The source of ultraviolet radiation used was a Cooper-Hewitt 
quartz mercury vapor arc lamp operating on an 11o volt direct 
current, drawing 4 amperes, and screened with a Corning Glass 
Works Gs586AW “‘Ultraglass”’ filter of g mm. thickness. The dis- 
tance between filter and arc was 14cm. This filter was of an intense- 
ly deep purple and was opaque to visible light, decreasing the in- 
tensity of the radiations of the open arc to one-fifth. Its transmission 
spectrum (22) ranged from 3334 to 3690 A.u., but owing to the spec- 
tral energy characteristics of the mercury arc (13), it showed a nar- 
row peak of maximum transmission at 3650-3663 A.u., the triplet of 
lines in the mercury arc at 3663, 3665, and 3650 A.u. constituting 
approximately one-fourth of the total relative intensity of all of the 
radiations emitted, and the line at 3650 A.u. constituting approxi- 
mately one-half of the total intensity of the triplet. The edges of the 
screen were sealed to the lamp hoodholder to prevent leakage of 
other rays. Thus for all practical purposes, the radiation used can 
be considered as strictly monochromatic, with a wave length of 3650 
A.u. SHULL and Lemon found this wave length to be within the 
main transmission band of certain seed coats tested. At present simi- 
lar filters for other portions of the longer ultraviolet are not avail- 
able; a silver-mirror type of filter has been described by HAGEN and 
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RuBENS (11). From the work of Appoms (1), who reported that 
ultraviolet rays passing through Pyrex glass (3900-3000 A.u.) had 
no effect on the colloidal structure of the protoplasm of root hairs 
of wheat, it seemed unlikely that any injurious effects on living 
organs would be encountered in using this radiation. 

Three varieties of pea seeds were used in the experiments. In 
raying, the seeds were placed in a petri dish with a piece of thin 
vitaglass (a clear glass transmitting down to 2800 A.u.) in place of 
the lid, and set beneath the lamp, both lamp and dish being in a 
horizontal position. A piece of dull-finish black paper was placed 
beneath the dish to minimize possible conversion of the incident 
radiation and reflection to the seeds. The lamp was always lighted 
five to ten minutes before use in order that it might be at almost full 
brilliancy from the beginning of the treatment (4). A fan directed 
on the lamp and seeds at a distance of 1.5 feet prevented heating ef- 
fects. The matter of ozone formation was investigated, and it was 
found from the literature that ozone is formed by wave lengths 
shorter than 2000 A.u., these wave lengths decreasing in intensity 
as the arc heats, and the ozone being decomposed by wave lengths 
of 2300-2900 A.u. In order absolutely to eliminate these factors of 
heat and ozone, the control seeds, in equal numbers to those to be 
rayed, were also placed in vitaglass-covered petri dishes, and were 
kept in a small box, light-tight to the lamp, but open on one side so 
as to allow a circulation of air from the same fan blowing over the 
lamp and the seeds being rayed. 

After the raying period, both groups of seeds were immediately 
sterilized in Uspulun and planted. Measurements throughout were 
made with a single 15 cm. celluloid rule, cut to a point at the zero mark 
for convenience in measuring. Details as to the sterilization, plant- 
ing, and measuring are given with each series of experimental data. 

With the exception of short intervals when it was necessary to 
handle the seeds and seedlings and artificial light was used, the exper- 
iments were carried out in complete darkness, from start to finish. 


STATISTICAL METHODS 


The value of statistical methods, that is, the application of the 
theory of probabilities, has perhaps never been more clearly stated 
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than by Laplace (MELLOoR 18). At the close of his essay on the 
philosophy of probability, he sweeps away all of the unscientific con- 
notations of the word ‘‘probability.”’” He states that the theory of 
probabilities is nothing more than common sense reduced to calcula- 
tion, and that it determines with exactness what a well balanced 
mind perceives by a kind of instinct, without being aware of the 
process. The origin of this theory, to be more concrete, lies in the 
fact that the accuracy of a mean or an arithmetical average of a 
number of observations may be estimated from the discrepancies 
observed among the individual values used in obtaining the mean or 
average (g). It assures us, mathematically, of a certain degree of 
stability and confidence to be placed in results secured from a limited 
sample of experiments, drawn from what would lead to complete 
knowledge—an infinitely large ‘“‘population” of experiments. 

FISHER’s (7) method of “‘t,”’ or adaptations of it, especially adapt- 
ed to biological work which involves a small number of experiments 
(one to twenty or thirty), have been used extensively in this paper. 
“t” is merely the ratio of the mean or average value to its “‘standard 
error’ as the English term it, or ‘“‘standard deviation”’ as the Ameri- 
can terms it. To test the significance of a mean, the value of ‘‘t”’ is 
calculated and the corresponding value of “‘P”’ read off from Fisu- 
ER’s table of ‘‘t.”” This table gives the values of ‘‘P,” the probability 
of further successive samples falling outside the range +t, in twelve 
column headings, ranging from 0.9 to 0.01, for successive values of 
“‘n,’”’ “n”’ being the number of degrees of freedom in the experiments, 
or in this case one less than the total number of observations used. 
Repetition, with similar results, will increase the value of ‘‘n” and 
the significance of the mean. 

According to PEARL (19), it has been practically a universal cus- 
tom among biometric workers to say that a difference, or a constant, 
which is smaller than éwice its probable error is probably not signifi- 
cant, whereas a figure of ‘ree or more times the probable error is 
either ‘“‘certainly”’ or at least ‘‘almost certainly” significant. Since 
numerically ‘‘t’’ is the probable error multiplied by 0.6745, these 
customary limits, in terms of “t,”’ become 1.35 and 2.02 respectively; 
these values being in accord with FIsHER’s (7, pp. 45, 46) own 
statement that as a test of significance, a deviation of three times 
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the probable error is effectively equivalent to one of twice the stand- 
ard error, and that deviations exceeding twice the standard devia- 
tion are ‘‘formally” regarded as significant. In terms of ‘“P”’ these 
customary values of ‘‘t”’ are approximately equivalent to 0.18 and 
0.05 respectively. Therefore any constant giving a value of ‘“‘P”’ of 
0.05 or less is statistically significant, while values of ““P”’ of 0.18- 
0.05 must be considered as borderline cases, not strictly significant, 
but indicative of some importance. 

The critical minimal value, P=0.05, is based on the generally 
accepted finding that errors of sampling in biological work may al- 
ways amount to a 5 per cent minimum. 

To come to an illustration, although significance is the important 
point to bear in mind: if P=o.05, 95 per cent of further random 
samples in the same experiments will fall within the range +t which 
fell in the column headed by this value of P, or 5 per cent will fall out- 
side the range and not verify the original result; similarly, if P =0.18, 
82 and 18 per cent are the corresponding figures respectively. 

The formula for the standard error (o) of small samples is as 
follows: 


X(d)?__ probable error (A 
7"Xn(n+1) 0.6745 a 
>(d)?=sum of the squares of the deviations of the 
individual observations from the mean. 
n=one less than total number of observations. 
In testing the significance of the mean of a column of figures, 
mean mean 
t= = (B). 
Y >(d)? 
\ n(n+1) 


In most biological work the significance of a difference in means 
of treated and untreated lots is what is sought. This can be tested 
in either of two ways. If the individual “‘treated”’ and “untreated” 
observations are inherently paired in the experimental method, the 
column of differences can be treated as primary data (essentially 
Student’s method, 17) and the significance of the mean difference 
tested by formula (B). If the data are not paired, the only available 
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test of significance of the difference in means M, and M,, of treated 


and untreated lots, is in using 


tw M,—M., (n,+1)(n.+1) 
; 3(d,)?-+ 3(d,)2 N (n,+n.+ 2) 
No ath, 


or, simplified for purposes of calculation (9, p. 95), 


M,—M, _ 


{S(d,)?+ 3(d,)?][n,+n,+ 2] 
NX (n,+n,)(n,+1)(n,.4+1) 


t= 


The terms in formula (C) are the same as those used in formula 
(A), the subscripts referring to the two sets of data being compared. 
In using FIsHER’s table of “t’’ with formula (C), ‘“‘n” is equal to 
(n,+n,). The denominator in formula (C) is merely the standard 
error of the difference of the two means; the formula is very simple 
to apply. 

In the case of paired data, both methods can be used, and as 
FISHER states (7, p. 112), it sometimes occurs that one method 
shows no significant difference while the other brings it out; and 
that if either method results in a significant statistical value, its 
testimony cannot be ignored, the testimony of the other method to 
the contrary notwithstanding. 

The following example illustrates the use of formula (C): 





Cmrema? de Cy i 
9 2 4 4 I I 
6 I I 5 ° ° 
d I I 7 2 4 
6 I I 4 I I 
6 I I 5 ° ° 
35 8 25 ° 

M.:=7 M.=5 
t= a: = 2.39 
(6+8)(4+4+ 2) 


N (44+4)(5)(5) 


N=8, (from table of t), P=0.045; significant. 
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The labor involved in squaring and adding long columns of frac- 
tional deviations, where such calculations may occur, can be greatly 
reduced, with little or no loss in accuracy, by computing the arith- 
metical mean, selecting the whole number nearest this, and comput- 
ing the deviations from the latter. 

In many cases, where the number of individuals or observations 
involved approaches 100 or more, the frequency distribution of 
these will be found to give a finer and more complete insight into the 
differences between populations of treated and untreated lots than 
the means of the two. The usual procedure is to graph the frequency 
distribution, plotting the feature measured along the abscissa and the 
frequencies of occurrence of each measurement along the ordinate. 
Data that show no statistical significance in calculations based on 
means may show a difference, brought out in frequency distribu- 
tions, that can be tested by a second type of statistics, that based 
on the number of times within a population that a given event oc- 
curs. This, depending on the nature of the observations, may imply 
a qualitative distinction rather than a quantitative one as is implied 
in the use of means. 

In the type of material analyzed in this paper, the frequency dis- 
tributions (of growth in length) of related pairs of ‘“‘treated’’ and 
“untreated” populations were plotted on a single sheet of graph 
paper, to the same scale. The “untreated” or “‘control’’ distribu- 
tions were then divided approximately into thirds, and the dividing 
lines extended to intersect the distribution of the corresponding 
treated population plotted on the same sheet of paper. A com- 
parison of the shift of the treated population relative to the con- 
trol was then possible, on the mathematical basis of numbers of 
treated and untreated individuals in corresponding thirds. The 
significance of the differences of two series of values thus obtained 
from corresponding thirds of a number of samples can be tested by 
the methods heretofore given (formulae B and C); or by a third 
method, which takes account of the total population as well as of 
the values of the particular ‘‘third’’ selected for comparison. 

This last method, a test of independence or homogeneity, is appli- 
cable only in problems in which the same group of individuals is 
classified in two (or more) different ways, as persons may be classi- 
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fied as inoculated and not inoculated, and as attacked and not at- 
tacked by a disease. In the type of problem most commonly met 
with, a fourfold table, as follows: 


Not ATTACKED ATTACKED 
Inoculated . oc... e ese ece a b 
Not inoculated............. °° d 





is used with the following formula for X? (Chi-squared): (7, p. 84). 


X2 = < (ad —be (atb+ce+ d) ( D 
~~ (a+b)(c+d)(a+c)(b+d) ). 


X? refers to FISHER’S table of the same, and n is equal to one. If 
X’ corresponds to a significant value of P in the table (0.00- 
0.05), it indicates a significant association, but does not measure the 
degree (7, p. 87). In other words, the Chi-square test, as a test of 
significance, is independent of any hypothesis as to the nature of the 
association (7, p. 88). The term “‘significance”’ therefore is a relative 
term in this method, being equivalent to an association of classifica- 
tions, and a ‘“‘lack of significance”’ to a lack of association of classifi- 
cations. Since any pair of classifications must be either significantly 
independent or associated, neither category can be said to be ascrib- 
able to chance. 

For a series of X? values, in which differences in the fourfold tables 
are all in the same direction, 


SV X? 
t= 
Vn+I 


Experimental data and analyses 
1. RATE OF GROWTH TESTS 

In lots A and B, 130 pea seeds (Vaughan’s varieties Alaska and 
Little Marvel respectively, 1929) were rayed at a distance of 18 cm. 
from the quartz mercury arc, with the G586AW filter interposed. 
At intervals of 15, 30, 60, 120, and 265 minutes, 20 seeds each were 
taken of the two varieties beneath the lamp and of the control 
groups, sterilized in 5 per cent Uspulun for 15 minutes, washed, and 
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planted on wet cellucotton, one rayed and control group in each 
15 cm. petri dish. The rayed and control groups were separated by 
wood plant markers. At the end of four days’ growth in the dark 
at room temperature (uncontrolled), the hypocotyls were measured 
to the nearest millimeter (tables I and II). 


TABLE I 


GROWTH IN CM. OF HYPOCOTYLS OF PAIRED LOTS OF RAYED AND 
CONTROL ALASKA PEA SEEDS AT END OF FOUR DAYS 














No. SEEDS PER | a | Averace or | AVERAGE OF oe 
GROUP HOURS RAYED | RAYED | CONTROL R—-C 
ee ee | 0.25 | 3-41 3.12 | +0.29 
eT Oar | 0.50 3.78 3.36 0.42 
15 | I 3-97 3.88 0.09 
15 eS | 2 | 3-93 3-34 0.59 
160 | 4.50 | 3.58 2.80 | 0.78 
s | Eee te = 
Mean of averages ...... 


| 
3-73 3.30 | +0.434 





By formula (B), treating the column of differences at primary data, t = 3.64, n=4, and 
therefore P =0.02; significant. 


TABLE II 


GROWTH IN CM. OF HYPOCOTYLS OF PAIRED LOTS OF RAYED AND 
CONTROL LITTLE MARVEL PEA SEEDS AT END 
OF FOUR DAYS 

















| | 

No. SEEDS PER | <i a AVERAGE OF | AVERAGE OF | . 

aaGGP | Hours RAYED | ara CONTROL | R—( 

TOs. sc eevizan ste | 0.25 3.89 | 3.05 | +0.84 

EBS stexiine see 0.50 | 4.29 | 3:37 | +0.92 

Ce eee I | 2.60 2.44 | -+0.16 

Sri 2 | 3.42 | 3.76 | —0.34 

| 4.50 | 3.95 | 3.08 | +0.87 
Mean of averages...... | 3-63 | 3.14 | +0. 490 





By formula (B), treating the column of differences as primary data, t=1.96, n=4, and 
P =o.13; such a value of P constitutes a borderline case, not significant but of some sta- 
tistical meaning. 


In lot C, a test was made on the effect of raying soaked but 
ungerminated seeds. Two groups of go pea seeds (variety Alaska) 
were soaked in 0.03 per cent Uspulun for 4 hours and 20 minutes, at 
approximately 35° C. The Uspulun was used to hinder possible bac- 
terial action, and the high temperature to hasten the absorption of 
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water. For the 17 hours following soaking, the seeds remained in 
large beakers, in a saturated atmosphere at room temperature. By 
this time all of the seeds were well filled out by their water content. 
One group was then rayed for 40 minutes in a saturated atmosphere 
at 18 cm. from the arc. Rayed and control groups, divided between 
two quartered moist chambers, were then planted on wet cellu- 
cotton. At the end of two days’ growth in the dark, 42 seeds in 
rayed and control groups had germinated to a good measurable 
stage. The hypocotyls were measured and the seeds replaced in 
growing conditions, separated from the remainder. On the third day 
34 more seeds in each group had germinated to a measurable stage. 
Measurements were then continued, as the data in table III indicate. 


TABLE III 


AVERAGE DAILY GROWTH IN CM. OF HYPOCOTYLS OF PAIRED GROUPS OF ALASKA 
PEA SEEDS RAYED WET, FOR 40 MINUTES, AND CONTROLS 




















FIRST 42 SEEDS SECOND 34 SEEDS 
PERIOD nm : west eee 4 PERIOD 
DAYS) (DAYS) | | 
RAYED CONTROL RayeD | CONTROL 
o-2 a 1.35 a, ae satre °.9g0 ©.9g0 
oe 1.58 1.63 Co eee 1.21 1.30 
3-5 1.54 1.55 a Ee ree 2.07 | 1.88 





It is apparent from table III that the raying produced little or no 
effect. It may be that the exposure of 40 minutes was too short, or 
that the soaking prevented any effect. 

In lots D, E, F, G, and H, a somewhat more refined technique was 
employed in measuring the rates of growth. Plaster of Paris blocks, 
similar to those used by ARNTZEN and KREBs (2), 10 cm. square 
and 8 cm. deep, were cast in wood boxes that could be knocked 
apart after the plaster had set. Before pouring the plaster, twenty 
1o cm. X3 mm. glass rods, in rows of four by five, were set in the 
box vertically by placing them in holes in a piece of waxed corru- 
gated cardboard in the bottom of the box. Just before the plaster 
hardened and contracted the glass rods were pulled out, leaving 
straight clean holes through the block. Depressions to hold the pea 
seeds were made just to the side of these holes or canals, which were 
to receive the downward-growing hypocotyls. Twelve blocks were 
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thus constructed and set in a covered galvanized iron box, 16’ X21” 
and 6” deep. Water was kept at a depth of 0.5 cm. after the blocks 
had become completely saturated. Two small beakers containing a 
strong solution of NaOH were also placed in the box, to prevent car- 
bon dioxide accumulation from the respiring seeds and to insure a 
sufficient supply of oxygen. The germination and growth of the pea 
seeds in these lots took place in the dark, in a constant temperature 
room at 22° C. (+0.8°). The value of growing seeds on such blocks 
is that they permit easy handling and measurement of the straight- 
growing radicle from time to time, without injury to the seedling. 
The procedure involved in determining the effect of raying the 
dry seeds on the subsequent rate of growth of the hypocotyls was as 
follows: 
1st day.—Irradiation of the dry seeds; sterilization and planting 
of rayed and control groups on wet cellucotton in moist 
chambers. 
2nd day.—Selection, measurement, and placing of well germinat- 
ed seeds on the plaster blocks. 
3rd day.—Measurement of growth. 
4th day.—-Measurement of growth. 
In the seeds selected for measurement, a portion of the seed coat was 
carefully stripped off with a pair of forceps to expose the axils of 
the two cotyledons, and the length of the radicle measured to the 
nearest millimeter, from axil to tip. In all experiments, lots of 20 
control and 20 rayed seeds were alternately measured, making the 
time of measurement practically simultaneous. Care was taken not 
to injure the radicle; in fact, throughout the experiments no evidence 
of such injury was observed. 


The difficulty involved in the procedure just outlined, which of 
necessity had to be followed, is that if a given number of seeds are 
taken for raying and for controls, there is no way of eliminating the 
great variability of total populations in rate of germination and sub- 
sequent growth, making it difficult to secure well-growing rayed 


and control groups of comparable uniformity. In order to obviate 
this difficulty, larger numbers of seeds were originally taken than 
were needed for the growth groups, and details were changed as the 
experiments progressed; equal numbers of rayed and control seeds 
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were always selected at each time, however, whatever the period or 
procedure was. Preliminary tests on eleven different varieties of peas 
showed no marked differences in uniformity of germination or 
growth. 

In lots D, E, and F, Dreer’s peas (variety Champion of Eng- 
land) were used. This is a large-seeded, wrinkled, main-crop vari- 
ety of vigorous growth. 

In lot D, 180 seeds were rayed for 2.5 hours at a distance of 17.5 
cm. from the arc, and sterilized and planted with an equal number 
of controls. At the end of 48 hours, 60 seeds in each group showed a 
good measurable germination and growth, indicating that their fu- 
ture growth might be rather uniform. These were measured and 
placed in position on the plaster blocks. Five hours later, 20 more 
seeds which had reached this stage were measured and placed, mak- 
ing a total of 80 seeds in each group. Two measurements of growth 
were then made at 24-hour intervals from the time of original meas- 
urement. It cannot be avoided, even in the course of such a selec- 
tion, that a few of the seeds will not grow, or will grow so poorly as 
to be useless. The number of seeds, therefore, varied from 80 at the 
beginning of each experiment to as low as 75 in some cases at the 
termination. 

In lot E, the experiment with D was repeated with 160 seeds, the 
time of selection and measurement, however, being staggered into 
four periods, 40, 48, 64, and 72 hours. At these periods, 40, 16, 13, 
and 11 seeds respectively, which had reached the proper germina- 
tive stage, were selected from rayed and control groups. By this 
method it was thought that a more uniformly growing and larger 
percentage of the total population could be used. Measurements 
were made of each of the four time-groups of rayed and control 
seeds at 24-hour intervals. Results showed that this method was of 
little or no particular value. 

In lot F, the experiment was again repeated with groups of 320 
seeds; the entire groups of 80 seeds, however, being selected, meas- 
ured, and placed on the blocks all at one period—48 hours after being 
set to germinate. The growth was reasonably uniform in this case. 

In lots G, H, J, and K, Alaska peas of the same sample as used 
in the earlier petri dish experiments were used in groups of 250 
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seeds. Lots G and H were grown on the plaster blocks, and J and K 
on wet cellucotton in moist chambers. Rate of germination tests 
were made on all four lots by counting the number of seeds that had 
broken their coats at successive periods. The results obtained al- 
lowed only one conclusion to be drawn, namely, that raying has no 
marked effect on the rate of germination. 

Lots G and J were rayed with a newly installed quartz mercury 
arc for 2 hours, at a distance of 17.5 cm. Since the brilliancy of the 
radiation was apparently much greater than with the old arc, it was 
thought safe to shorten the period of radiation from 2.5 to 2 hours, 


TABLE IV 


AVERAGE ORIGINAL AND DAILY GROWTH IN MILLIMETERS OF HYPOCOTYLS OF 
PAIRED GROUPS OF RAYED AND CONTROL PEA SEEDS 








| I-24 HOUR PERIOD | 2-24 HOUR PERIOD | 3-24 HOUR PERIOD 
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in order that the treatment be more nearly comparable with that 
given lots D, E, and F. 

Lots H and K were used as a test of the effect of a more intense 
radiation than used on any others. The seeds were rayed for 2 hours 
as before, but by using the G586AW filter in place of the vitaglass 
cover on the petri dish holding the seeds to be rayed and by lowering 
the arc in its hood, the distance from the arc to the seeds was de- 
creased to 8.5 cm., or approximately one-half the distance previously 
used. The intensity, therefore, was increased four times as compared 
with lots G and J. Table IV gives the growth of those measured, of 
the lots just described. 

Here, as in the other cases, the average growth values mask the ef- 
fect of raying, showing no very great differences between rayed and 
control groups. It must be noted, however, that at the second 24- 
hour period of growth, all of the rayed groups show a greater rate 
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of growth than the controls. By calculations from the mean differ- 
ences of these latter values (formula B), t=3.46, n=4, and P=0.03; 
significant. 


Taken as a whole, the data secured up to this point do not indi- 
cate that the raying had a distinctly significant effect on the seeds. 
By pooling the data of table I, and considering it as a sixth sample 
with the five given in table IV, we have a number of populations, 
each of a sufficient size to allow the plotting of frequency distribu- 
tions of root growth of the individual seedlings for each paired lot 


TABLE V 


TOTAL POPULATIONS AND NUMBER OF INDIVIDUALS IN FASTER- 
GROWING THIRD OF PAIRED LOTS OF RAYED 
AND CONTROL PEA SEEDS 








| RAYED } CONTROL 





“FASTER” “FASTER” | . 
ase | TOTAL No. 


| | 

| ToTaL No | 
a | AL NO. 
THIRD | 





25 
=. 

24 
| 27 
| 24 
| 25 


31 
39 
38 
27 
32 
32 
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Mean percentage of | 


| ee ea ten 44.0 | 33.0 





of rayed and control populations. This being carried out (as de- 
scribed previously under “Statistical methods’’), an interesting point 
was brought to the fore; namely, that probably but a relatively small 
proportion of the total populations of the seeds in rayed groups 
showed an increased rate of growth over the controls. Averages 
therefore, as used heretofore, would tend to mask this “affected 
portion,” giving the insignificant differences obtained in some cases. 
This is brought out in table V. 

Since the total populations are unequal in number, the actual val- 
ues for the number of individuals in the most rapid-growing third in 
rayed and control groups cannot be compared as such; percentage 
values have been substituted, giving the 11 per cent average differ- 
ence in favor of the rayed group, shown in table V. Using these per- 
centage values in formula C, t=3.98, n= 10, and P=less than o.o1: 
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the difference of 11 per cent, therefore, is clearly significant. Testing 
further, and more accurately perhaps (by formula D), separately 
for each lot, we find that only lots D and E show significant differ- 
ences (P=o.o1 and 0.02 respectively). This series cannot therefore 
stand alone as an evidence of the effect of raying, but since all lots 
show a difference in the same direction in favor of the rayed groups, 
the evidence would be strong for the reality of such an effect even 
without the two significant cases (8). Furthermore, a composite 
test for the series (formula E) gives t a value of 3.35, n=5, P=o0.02, 
which is statistically significant. 

These differences may be criticized as subject to error owing to 
the relatively small number of individuals (in reference to the use of 
frequency distributions) and samples involved, but appropriate sta- 
tistics show them to be significant; furthermore they must be given 
considerable weight owing to the fact that the use of frequency dis- 
tributions alone eliminates to a considerable extent errors of random 
sampling and lack of uniformity in growth; this is by virtue of the 
fact that a frequency distribution is in effect one step removed from 
values for the actual amount of growth. It seems therefore that 
raying, with the particular ultraviolet wave lengths used, increases 
the rate of growth of the hypocotyls of pea seeds. 


2. RATE OF RESPIRATION TESTS 


In some final experiments, tests were made of the effect of ultra- 
violet radiation on the respiration of etiolated pea seedlings. These 
experiments, being but two in number, are presented here more 
as a matter of interest than of importance. The seedlings were kept 
in the dark throughout. The apparatus used consisted of a respira- 
tion chamber, an 80 cc. flask in which was suspended a glass cup 
holding 1 cc. of 40 per cent NaOH, and a wide-bore capillary tube, 
one meter long, attached to the single outlet on the ground-glass 
stopper of the flask. The flask, containing the seedlings, was set half- 
immersed in a 5 gallon crock of water at room temperature, and the 
capillary tube maintained in a horizontal position. By introducing 
a small amount of kerosene, colored red with Sudan III, into the 
open end of the capillary, an indicator was obtained which moved 
along the length of the tube in response to the decreased pressure 
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in the now closed system, caused by the respiration of oxygen by the 
seedlings and the absorption of the expired carbon dioxide by the 
NaOH. By placing a meter rule along the tube, the rate of move- 
ment of the kerosene indicator was determined. 

In the first experiment (upper curve of fig. 1), the respiration 
flask contained twelve vigorously growing pea seedlings (variety 
Alaska) with hypocotyls and epicotyls about 6 cm. long. Eight 
successive determinations of the time (to the nearest 3 seconds) re- 
quired for the indicator to travel 5.0 cm. were then made. Five cm. 
corresponded in volume approximately to 0.25 cc. At this point, 52 
minutes after the start, the lighted ultraviolet lamp with the G586- 
AW screen was directed on the flask with a distance of 27 cm. be- 
tween arc and seedlings. A fan was kept blowing on the lamp and 
flask to prevent heating. The flask was of relatively thin glass and 
undoubtedly transmitted a large percentage of the 3650 A.u. radia- 
tion, ordinary thick window glass transmitting to as low as 3200 
A.u. During the following 62 minutes of raying eight successive 
readings were taken. At the end of this period the lamp was turned 
off, the indicator reset at the open end of the tube, and nine more 
successive readings taken during the following 50 minutes. The 
lighted lamp was then again directed on the seedlings and eight 
readings taken during the next 49 minutes; the lamp was finally 
turned off, and nine readings taken in the following 53 minutes. 
The temperature of the water in the bath and the air in the dark- 


room varied less than half a degree from 19° and 20° C. respectively. 


In the second trial (lower curve of fig. 1) the experiment was re- 
peated on the following day with a new lot of twelve Alaska pea 
seedlings. The apparatus was allowed to come to equilibrium for one 
hour before use. Temperature variations were again negligible. 

Figure 1 shows the results of the two experiments. The depres- 
sions that occur in each case immediately after raying are probably 
due to some absorption of the radiation by the seeds, and conversion 
of the energy into heat, with a resulting expansion in volume. If 
photosynthesis were occurring it would continue, and not soon stop 
as the rising curve of respiratory rate shows. Furthermore, it is well 
known that photosynthetic activity is at a minimum in the ultra- 
violet region. 
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In the first experiment, the average relative rate of the eight 
values before raying, taken as the control base line, can be compared 
with the eight values in the peak after the first radiation and with 
the average of the seven values in the peak during and after the 
second radiation period; we can thus obtain an estimate of the sig- 
nificance of the difference in mean relative rates. The assumption 
is made, of course, that the interim between the depression and the 
peak is an allowance for the apparatus to regain its original equilib- 
rium after what seems to be a purely physical disturbance due to 
heat. In the second experiment, corresponding control and “‘peak’’ 
values have been compared. The average relative rates of respira- 
tion are given in table VI. 

TABLE VI 


AVERAGE RELATIVE RATES OF RESPIRATION OF 
ETIOLATED PEA SEEDLINGS BEFORE 
AND AFTER RAYING 


EXPERIMENT I | ExpeRIMeENT II 





Control pais : 0.756 0.688 
Rayed...... , 1.06 I 


13 
Rayed... Ce tae a I.10 


For the three differences between control and rayed rates (formula 
C),t=5.4 to 6.4, and P=less than 0.01. These values are significant, 
and are further strengthened by the similarity in magnitude of the 
two control rates and three rayed rates. The gradual slowing down 
of the rate to the normal level, after raying has been stopped, indi- 
cates that the stimulative effect is temporary, persisting for a little 
less time than the raying period itself. 

This action is in accord with the work of HArRRIs (12), who found 
that the longer ultraviolet exerted a stimulative action on the gase- 
ous metabolism of small animals. CLARK (5) has also stated that 
there are a number of results indicating a change in the amount of 
carbon dioxide expired in visible and ultraviolet light above 3300 
A.u. wave length. 

The fluorescence of the pea seedlings under the ultraviolet radia- 
tion was striking, and especially so at the root tips and primordia of 
rootlets. In this connection it is interesting to note CLARK’s (5) ob- 
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servation that fluorescence is an outward visible sign, so to speak, 
of an inner activity in response to light. 
Summary 
Seeds of Pisum sativum were subjected to a radiation of 3650 
Angstrom units wave length, and the subsequent differences in rates 
of growth of rayed and control groups determined. The effect of the 
same radiation on the rate of respiration of etiolated pea seedlings 


has also been studied. 

Statistical analyses have been employed in determining the re- 
liability of the results, which point to the following conclusions: 

1. Ultraviolet radiation of 3650 Angstrom units wave length, in 
the time and intensity employed and in the absence of all other 
radiations throughout the experiment, exerts a stimulative action 
on the subsequent rate of growth of the hypocotyl of pea seeds ir- 


radiated in the air-dry state. 
2. The rate of respiration of etiolated pea seedlings is temporarily 
increased by similar treatment with this radiation. 
3. These effects are probably incident rather than cumulative. 
U.S. DEPARTMENT OF AGRICULTURE 
BUREAU OF PLANT INDUSTRY 


WENATCHEE. WASH. 
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MICROSPOROGENESIS AND EMBRYOGENY IN 
CERTAIN SPECIES OF BROMUS 
PERCILEE BECK AND JEROME S. HORTON 
(WITH TWENTY-NINE FIGURES) 
Introduction 

According to Jepson (6), Bromus is represented in California by 
25 species, of which 12 are described as naturalized from Europe. In 
southern California some of the most troublesome weeds are the 
European brome grasses, for certain of them grow in such dense pro- 
fusion as to crowd out the more desirable native plants. 

The species collected for this study are at present the most com- 
mon representatives of the genus in the vicinity of Redlands, Cali- 
fornia. They are Bromus villosus Forsk, B. marginatus Nees, and B. 
rubens L. The nomenclature is that of ABRAMS (1). 

But little work has been done on Bromus, and apparently nothing 
has been published in the particular field covered by this paper. In 
the Festuceae, to which Bromus belongs, Festuca and Dactylis have 
recently been studied with respect to meiosis by CHURCH (2). He 
appends an excellent literature list on meiosis, polyploidy, and re- 
lated cytological subjects. 

In other tribes considerable work has been done on the grains. The 
behavior of the antipodals in 14 species of the Gramineae has been 
investigated by SHADOWSKI (8), who in addition gives a brief sum- 
mary of species reported by other investigators. The summary in- 
cludes his own species, and covers the number of antipodals, the 
number of nuclei in the antipodals, the position of the antipodals in 
the embryo sac, and the authority in each case. He includes Briza, 
Dactylis, and Melica, which belong to the Festuceae. 

MATERIAL.— Material was gathered during the months of Febru- 
ary, March, and April and fixed in Carnoy’s reagent. During fixa- 
tion, air was partially exhausted from the containers by a hand 
pump; while penetration by the alcohols, clearing agents, and the 
imbedding materials was facilitated through the use of a high vac- 


uum pump. Young spikelets showing stages in microsporogenesis 
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and megasporogenesis were imbedded in nitrocellulose according to 
methods developed by JEFFREY (5). The spikelets were mounted in 
rows on a square of cardboard, and all sectioned simultaneously on a 
THOMPSON-JEFFREY sliding microtome, thus offering to view many 
specimens in close proximity under the same cover glass. The sec- 
tions were stained in Haidenhain’s iron-alum haematoxylin. Serial 
sections in paraffin, stained either by the iron-alum method or with 
Delafield’s haematoxylin, were used in the study of embryo sac de- 
velopment. 

Preparations were studied with a Leitz and Spencer binocular, 
respectively, using the oil immersion systems and 10 X oculars fur- 
nished by the makers. Drawings were made, with the exception of 
one diagram, with the aid of a Leitz camera lucida and a stage mi- 
crometer to determine the magnifications. 


Cytology of the species 
BROMUS VILLOSUS 


The chromosome number was taken from the heterotypic (fig. 2) 
and homeotypic equatorial metaphase plates. The counts vary from 
28 to 35, making it impossible to tell whether the species number is 
octoploid or decaploid, since the basal haploid number is seven in 
the Gramineae (CHURCH 2). In the diakinesis of the microspore 
mother cell, the chromosomes are too small and crowded to make an 
accurate count, or to tell the number of univalents; but a count of 
35 was obtained in the diakinesis of the megaspore mother cell. In 
a stage as early as this, cytoplasmic chromatin usually appears as 
small black spots about the size of univalents in a darker ring around 
the nucleus. 

There are very few regular metaphase plates, figure 1 showing 
one of the most nearly regular. In most of the cells of this stage 
there is extruded chromatin. Figure 3 shows the chromatin as a 
long slender piece; blocks or masses of chromatin are not uncom- 
mon, and almost all have a certain amount (fig. 4). Typical lag- 
gards are seen in figures 3 and 4, these showing as many as ten, with 
univalents evident in certain instances (fig. 3). Anaphases manifest 
a comparatively greater degree of regularity (fig. 6); but there are 
many as irregular as the one shown in figure 5, which has univalents 






















Fics. 1-10,.—B. villosus: fig. 1, heterotypic metaphase, unusually regular; fig. 2, 
polar view of heterotypic metaphase plate showing count of 28 bivalents; figs. 3, 4, 
heterotypic metaphases with laggards and extrusion; fig. 5, heterotypic anaphase with 
six lagging bivalents and univalents in daughter nuclei; fig. 6, regular anaphase; fig. 7, 
telophase with lagging and extruded bivalents; fig. 8, regular homeotypic metaphase; 
fig. 9, irregular homeotypic metaphase; laggards, univalents, and ringed chromosomes; 
fig. 10, tapetum of B. villosus. Figs. 1-9 X 1185; fig. 10 X 475. 
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that move regularly, and six lagging ordinary chromosomes. In telo- 
phase (fig. 7), lagging chromosomes are sometimes left behind on the 
spindle, and remain during formation of the cell wall and organiza- 
tion of the daughter nuclei. These laggards apparently are not to 
be included in the formation of the nuclei, in this respect resembling 
a case recorded by CHURCH (2) for Avena sativa. Figure 7 also shows 
cell wall development to be successive in the formation of the tetrads. 

The homeotypic divisions, as might be expected, are less irregular, 
the majority of metaphases being typically illustrated in figure 8. 
Figure 9, however, which shows ringed chromosomes and univalents, 








Fics. 11, 12.—B. villosus: fig. 11, homeotypic anaphase with one side slower than 
other, also laggards and extruded chromatin; fig. 12, tetrad showing extruded chroma- 
tin. X1185. 


is one oi extreme irregularity. The lagging is here seen to be exces- 
sive, while extruded chromatin is even more abundant than in most 
instances of heterotypic division. CHURCH (3) found a case of irregu- 
lar homeotypic division in Andropogon scoparius. The irregularities, 
however, were less than those seen in B. villosus. The anaphases are 
regular, with an occasional exception, such as that seen in figure 11, 
in which two cells, not dividing in unison, exhibit laggards and ex- 
truded chromatin. The tetrads (figure 12 is typical) show large 
amounts of extruded chromatin which seems to have greatly in- 
creased in quantity since diakinesis. This material does not remain 
as a permanent cell constituent, since there is no trace of it in the 
ripe pollen grain (fig. 19). 

At about the tetrad stage, the tapetum (fig. 10) appears to be 
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most highly developed, although the layer is clearly formed at the 
mother cell stage. The cells of the mature tapetum are distinctly 
binucleate, and measure on an average about 134 micromilli- 
meters. The origin of the archesporium and tapetum seems to be the 
usual one of periclinal division of a subepidermal layer, which forms 
an outer primary parietal and an inner primary sporogenous layer, 
the former by a periclinal division giving rise within to the tapetum. 

After the tetrad stage, the cells round off into the microspores. 
First they are vacuolated, with the cytoplasm mostly confined to a 
layer lining the wall. The cytoplasm subsequently increases in 
amount as the spores develop to maturity. In their growth they ap- 
proximately double their size as compared with the tetrads. The 
average pollen grain has the same diameter as the average mother 
cell (20-25 micromillimeters). 

The defective pollen is about 10 per cent. 


BROMUS MARGINATUS 


The chromosome count (fig. 14) was taken from heterotypic meta- 
phase plates, and shows the octoploid number of 28. Heterotypic 
division is rather regular (fig. 13), but extruded chromatin is com- 
monly seen, single large masses being depicted in figures 15 and 16. 
The position of this mass in the cell is peripheral, which, with its 
size, offers a unique appearance. Figure 15 also shows two lagging 
chromosomes. There is no lagging in anaphase, but often there are 
large pieces of cytoplasmic chromatin so characteristic of the 
species. In certain cases extruded small masses of chromatin may 
gather into small groups and organize as undersized nuclei (fig. 17). 
Such diminutive nuclei have been reported by CHuRCH (3), and have 
been observed by the writers in a third species (Bromus rubens) 
which is yet to be described. 

No irregularities are noted in the homeotypic divisions. The te- 
trads (fig. 18) have little cytoplasmic chromatin as compared with 
the other species studied. The mature pollen grain is spherical, is 
cytoplasm-filled, and contains a tube nucleus with two elongated 
sperm nuclei (fig. 19). With an exception yet to be noted, this is 
typical of the three species of Bromus irvestigated. 

The defective pollen varies between 6 and 15 per cent. 
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Fics. 13-23.—Figs. 13-19, B. marginatus: fig. 13, regular heterotypic metaphase; 
1450; fig. 14, polar view of heterotypic metaphase plate showing 28 chromosomes; 
X 2610, figs. 15, 16, heterotypic metaphases with laggards and large mass of chromatin 
in cytoplasm; X 1450; fig. 17, dyad with cytoplasmic chromatin organizing into nucleus; 
X1210; fig. 18, tetrad; 970; fig. 19, mature pollen; 475. Figs. 20-22, B. rubens: 
fig. 20, diakinesis with 14 bivalents and showing polycary; X 1400; fig. 21, tetrad show- 
ing extruded chromatin; 1185; fig. 22, pollen with disintegrated nuclei; 970. 
Fig. 23, B. villosus: antipodals showing ropelike formation in nucleus; X 210. 
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BROMUS RUBENS 

The chromosome count was taken from diakinesis (fig. 20), and 
shows unmistakably 14 bivalents and no univalents, making the 
species a tetraploid. This figure also shows polycary. The divisions 
are regular, so far as studied, but with cytoplasmic chromatin pres- 
ent which may be continued into the tetrads (fig. 21). The nuclei of 

many of the pollen grains show evidence of 
disintegration (fig. 22), which is a contrib- 
uting factor in the production of defective 
pollen; but because of intergrading stages 
: the percentage of such pollen is difficult to 

/f st...f. determine. 
| that the apex of the nucellus is downward 

or toward the pedicel. of the flower. The 

Fic. 24.—B. marginatus: carpel on which the megasporangium is 
position of megaspores in borne is comparatively large, and extends 
llower; p palea; f, floral | 5ward from its summit, the primordium 
axis; a, anther; st, style; J, 
lemma. X115. 5 of the style, to the formation of which the 

other carpels later contribute. 

There is no parietal cell cut off by the archesporial cell; but after 
enlargement, the latter divides into the typical four megaspores. A 
variation from the usual axial straight row, as seen in Bromus villosus 
(fig. 26) and B. rubens, is seen in the position of the micropylar two 
in B. marginatus, which lie transversely without a separating wall 
forming between them (fig. 25). Figure 27 shows the typical func- 


tional megaspore, which in all three species investigated is the basal 
or chalazal one. 





+ 





Megasporogenesis 
The megasporangium arises at the base 
of a carpel in sucha manner that the earliest 
stage shows the median nucellar axis di- 
rected upward; but by continued growth of 
the carpel the axis attains a horizontal po- 
sition (fig. 24), and still later is so directed 





Embryo sac development 


The functional megaspore develops into the mature embryo sac, 
which, with the exception of the number of the antipodals, is typical 
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in each case (fig. 29). The antipodals, which usually number five to 
eight, are near the center of the sac surrounded by cytoplasm. The 
sacs are extensively vacuolated, but the antipodals are connected with 
the polar nuclei and the egg apparatus by a strand of cytoplasm ex- 
tending through the center of the sac. The appearance of the anti- 
podals varies in different series: some form evident walls that sepa- 





Fics. 25-29.—Fig. 25, B. marginatus: four megaspores showing position of mi- 
cropylar two; X 290. Fig. 26, B. villosus: four megaspores; X 290. Fig. 27, B. margi- 


5: </> 

natus: functional megaspore; X 290. Fig. 28, B. villosus: diagrammatic sketch of 
fertilized sac showing 3-celled embryo, young endosperm, and seven antipodals. Fig. 29, 
B. rubens: mature unfertilized sac showing five antipodals but with one synergid not 
showing; 475. 


rate the nuclei into distinct cells; others do not show the wall so 
clearly; and no wall at all may be present, especially in the younger 
stages. The nucleolus is often vesicular, but in figure 29 the whole 
nucleus is stained a solid black, which is typical of all the younger 
antipodal cells of Bromus rubens. The two antipodals of figure 23 
from B. villosus do not show any nucleoli, but have the chromatin in 
a curious ropelike formation, a condition which is common soon 
after fertilization in all the species studied. About coincident with 
or just before fertilization, the antipodals increase remarkably in 
size. Those of the mature unfertilized sacs (fig. 29) average 11 X15 
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micromillimeters; soon after fertilization and before the embryo has 
increased beyond a few cells, they have enlarged to about 55 X36 
micromillimeters as a maximum average size and 33 X 26 as a mini- 
mum. Soon after union of the polar nuclei and fertilization of the 
egg, the antipodals take a slightly lateral position, but without any 
outgrowth to hold them. There is no further change in their size, 
but they may increase to ten (which is an extreme number, how- 
ever). Divisions were not actually observed, so there is no report as 
to whether they are mitotic or amitotic. Indirect division is not 
rare among antipodals, but according to SCHNARF (7) is never ac- 
companied by organization, through wall formation, into cells. This 
method is noted in several somatic divisions in the connective of the 
anther of B. marginatus. As mentioned earlier, SHADOWSKI (8) gives 
a summary of antipodals and their behavior in the investigated 
species of the Gramineae. In Bromus they appear to be passive only, 
taking no part in haustorium formation or chalazal activity, but 
later becoming absorbed by the developing endosperm. 

The endosperm nucleus divides rapidly, and some of the resulting 
nuclei pass around the antipodals (fig. 28) to the chalazal end of the 
embryo sac, in which several come to lie when there is but a 2-celled 
embryo. Just before an 8-celled embryo stage there is still no definite 
endosperm, but cells soon begin to form at the chalazal end, and line 
the inside wall with a tissue that eventually extends to include the 
entire sac. The antipodals are completely disintegrated when the 
embryo is about too micromillimeters long. 


Discussion 

POLYPLOIDY 
As has already been stated, the basal haploid number is usually 
seven in the Gramineae. The species reported are: one tetraploid, 
one octoploid, and one which is variable. CHURCH (3) found variable 
chromosome counts in several species of Panicum. In the Festuceae 
(2) he reports one diploid, two tetraploids, three hexaploids, and one 
octoploid, and discusses fully the recent studies on the origin of poly- 
ploidy. The most plausible theory was advanced by WINGE (g) and 
is reviewed by CHURCH (2). When two plants of the same chromo- 
some count hybridize, it is possible that there will be no pairing of the 
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chromosome mates received from the parents to initiate the reduc- 
tion division. Hence this stage would be lacking and there would be 
a 2x number in the gametophyte and a 4x in the sperophyte. This 
fact of polyploidy, together with the irregularities in the movements 
of the chromosomes and the extrusion of chromatin material, indi- 
cates the possibility of hybridization. 


LAGGING CHROMOSOMES 


The laggards seen in Bromus villosus and B. marginatus were 
mostly bivalents. Univalents were seen in the former but not in the 
latter. As many as six univalents were counted in one nucleus of a 
heterotypic anaphase of B. v7/losus, but none of them was a laggard. 
The lagging chromosomes of B. marginatus are much the less promi- 
nent of the two, several often being left on the metaphase spindle 
after the others have moved normally to the poles. Most of the 
divisions show a few lagging slightly behind the others. In meta- 
phase of B. villosus the laggards are likewise bivalents, and are very 
conspicuous in many of the cells of both the heterotypic and homeo- 
typic divisions, especially the former. Unlike B. marginatus, B. villo- 
sus shows laggards in anaphase, which are often extruded. In late 
telophase, chromatin material may remain on the spindle after the 
nucleus and the cell wall are beginning to form. Such material is 
probably permanently excluded by the daughter nuclei owing to 
their advancement in telophase. 


CHROMATIN EXTRUSION 

There was considerable cytoplasmic chromatin in all three species. 
In Bromus villosus the prevalent forms are small scraps about the 
size of chromosomes, nearly every cell from the dividing mother cell 
to the completed tetrad showing some. Their probable origin is the 
extrusion of chromosomes, many of which are about the same size 
as the univalents, although some are as large or larger than the bi- 
valents. There is an increase in amount between diakinesis and 
tetrad formation, especially in B. villosus, following which the ex- 
trusions disappear, for there is no evidence of them in the mature 
pollen grain. A curious condition was seen in B. villosus and B. 
marginatus, but more prominently in the latter, namely, a continu- 
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ous mass of chromatin adherent to the cell wall. Often there seemed 
to be as much material in the mass as on the spindle. The fact that 
it appeared only in pollen mother cells during the maturation divi- 
sions and not in somatic cells; together with its reaction to the iron- 
alum haematoxylin stain, would seem to indicate that the material 
is chromatin. The origin of this material is in doubt, but in the 
spireme stage most of the nuclei are surrounded by a circle of darker 
material in the cytoplasm with many small black spots resembling 
univalents. This condition disappears during diakinesis, and it is 
conceivable that such material might collect to give rise to'some of 
the bodies of chromatin observed in later stages. Miss GRAUSTEIN 
(4) observed similar masses of chromatin in several species of Sela- 
ginella. In S. emmeliana, for example, the chromatin increases in 
bulk to the homeotypic division, at which stage there is more of it 
than there is on the spindle. In S. mandaiana, masses of chromatin 
are described as being in contact with the cell wall, masses whose 
collective bulk apparently would far exceed the amount contained 
within the nucleus. It is interesting to note that such similar phe- 
nomena pertaining to chromatin extrusion, if such it be, should be 
found in such widely separated genera as Selaginella and Bromus. 
Miss GRAUSTEIN also gives an excellent literature list and discussion 
of the phenomenon. She states definitely that the material is chro- 
matin which has arisen from extrusion, but the writers found no 
decisive proof of such an origin of the material observed in the species 
of Bromus. 

In Bromus rubens, and to a lesser extent in B. marginatus, there is 
a definite attempt on the part of extruded chromatin to organize 
separate diminutive nuclei. This is seen as early as diakinesis, in 


which stage is the clearest example of polycary. Polyspory in the 
tetrads was not observed in any of the species. CHURCH (3) reports 
frequent cytomyxis in the Gramineae he examined; but in the three 
species of Bromus this phenomenon was not observed, although it 
might have been expected since CHURCH gives cytomyxis as a fre- 
quent cause of chromatin extrusion. 


POLLEN VIABILITY 


Based on Cuurcn’s findings, the presence of extruded chromatin 
and lagging chromosomes would be expected to indicate a high per- 
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centage of imperfect pollen; but that such is not the case in Bromus 
is evidenced from the fact that an average of about 1o per cent im- 
perfect is characteristic of both B. villosus and B. marginatus; al- 
though the latter species, which does not manifest as many irregu- 
larities, shows a slightly higher percentage than the former. In B. 
rubens there is disintegration of the nuclei, and the intergrading 
series (from the apparently perfect pollen to the other extreme where 
the nuclei are completely disintegrated) make an accurate estimate 
difficult, although the supposition is that it would run high. 


Summary 


1. Bromus marginatus and B. rubens are octoploid and tetraploid 
respectively; B. villosus is variable between octoploid and decaploid. 

2. Polyploidy and other irregularities in the maturation division 
indicate that these species may be hybrids. 

3. Lagging bivalents are found in B. villosus and B. marginatus. 
An irregular homeotypic division, showing much lagging and ex- 
trusion, occurs in B. villosus. 


4. Varying types of chromatin extrusion are found in all three 
species, together with polycary and sterile pollen. 


5. No examples of cytomyxis were observed. 

6. Megasporogenesis and embryo sac development appear to be 
rather typical for the Gramineae. 

7. Antipodals generally vary in number from five to eight, with a 
maximum of ten seen in one instance. Their nuclei are large, are 
often organized into cells, and finally occupy a lateral position just 
below the center of the sac, in which position they undergo dissolu- 
tion, after an existence considerably longer than that characteristic 
of smaller cells. 


The writers wish to acknowledge their great indebtedness to Pro- 
fessor F. H. BILiincs, at whose suggestion this research was carried 
out, for his aid and kindly criticism throughout the progress of the 
investigation. 
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DIAGNOSTIC CHARACTERISTICS OF THE XYLEM 
OF THE NORTH AMERICAN ABIES' 
E. G. WIESEHUEGEL 
(WITH SIXTEEN FIGURES) 

The exact identification of the woods of Abies has always pre- 
sented an enigma to the forester and to the botanist.- Most of the 
investigations into the structure of the xylem of these woods have 
been made upon the roots, branches, or diseased and traumatic 
tissues, so that the findings have been of little assistance in recog- 
nizing the sound wood such as is used in the lumber trade. This 
report attempts to furnish such data, but makes no pretentions to- 
ward identification of either decayed or fossiliferous specimens, this 
being outside the field of the wood technologist. 

The method of approach is different from PENHALLOW’Ss (17) 
early investigations on this subject, since the writer has specifically 
attempted to obtain numerous specimens of wood from characteris- 
tic trees obtained from all parts of the habitat. PENHALLOW based 
his work upon the study of one specimen of each species, under the 
assumption that since the trees in the SARGENT collection were type 
specimens, the wood from these trees would also be true to type. 
It is believed that herein lies the weakness of his work; and it was 
felt that a study of a great number of authentic specimens, collected 
from carefully selected localities well distributed over the entire 
range, would present a better cross-section of the specific anatomical 
characteristics of the species. 


While considerable literature has been published touching upon 
the genus Abies and the Pinaceae in general, little of this informa- 
tion has a direct bearing upon the problem in hand. PENHALLOW 
(15, 16, 17) included Abies in his detailed study of the anatomy of 
the North American Gymnospermae. His results are summarized 
and published in the form of a key. 


' This investigation was carried on during the years 1927-1929 at the University of 
Idaho, Moscow, Idaho, and submitted to the graduate faculty of that institution in 
partial fulfilment of the requirements for the degree of Master of Science in Forestry. 
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THOMPSON (22, 23) found ray tracheids absent in the sound wood 
of all indigenous Abies. He does not agree with PENHALLOW, in that 
he finds no ray tracheids in Abies balsamea, whereas PENHALLOW 
uses this characteristic as a basis for separation. THompson, how- 
ever, did find ray tracheids in the wounded branch of A. concolor. 
He also found ray tracheids in the sound wood of A. homolepis and 
A. veitchii, in addition to studying the following woods in which he 
discovered no ray tracheids: A. lasiocarpa, A. fraseri, A. grandis, 
A. balsamea, A. firma, A. nordmaniana, and A. cephalonica. The 
occurrence of ghost cells, which he decided were degenerate ray 
tracheids found occurring in many stages of degeneration, was also 
mentioned by THompson. 

HOLDEN (g), in a study of ray tracheids in the Coniferales, found 
ray tracheids absent in Abies balsamea, and agreed with THOMPSON 
(23) in this respect, differing from DEBAry (6), PENHALLOW (17), 
and Hartic (8), who found them present. HOLDEN also found ray 
tracheids normally present in the Abietineae. 

Primitive resin passages were found to occur in Abies concolor, 
A. bracteata, A. nobilis, and A. firma by PENHALLOW (17), and since 
no statement is made to the contrary, it is assumed that these 
structures were found in the normal wood. Traumatic passages have 
been observed by various investigators in A. balsamea (1, 8). 
RHOADES (19) observed that the production of resin canals in A. 
grandis and A. lasiocarpa when traumatically produced is never 
associated with frost rings but caused by some mechanical injury. 
SARGENT (21) notes two species of Abies with reddish wood, as con- 
trasted to the remainder which have pale brown to nearly white 
woods. He also finds A. venusta to be much heavier than the other 
species of the genus. 

KOEHLER in a letter states that, in studies at the Forest Products 
laboratory, they have found that some species of Abies contain crys- 
tals in the ray cells while others do not, and suggests the possibility 
of dividing them into two groups upon this basis. 

In the process of these investigations, one of the most difficult 
tasks was the collection of suitable material. It is difficult definitely 
to establish the number of specimens which when averaged will 
accurately represent the wood in question, for the range of the genus 





WIESEHUEGEL—XYLEM OF ABIES 


varies considerably. Abies fraseri and A. venusta have very restrict- 
ed ranges and consequently would have little variation in structure, 
whereas A. concolor, A. lasiocarpa, and A. grandis have extended 
ranges and consequently greatly varied structure. For the purposes 
of this study, 96 specimens of the eleven species and varieties were 
used. 

All microscopic measurements were made with the viewing at- 
tachment of the Bausch and Lomb U-scope. Suitable scales were 
prepared on double weight celluloid for the various magnification 
combinations of the microscope. This was accomplished by project- 
ing a 2mm. stage micrometer upon the viewing screen and copying 
the divisions on to the celluloid scale employed in making the actual 
measurements. The image of the object to be measured was then 
thrown upon this viewing screen, and the scale suited to the mag- 
nification in use was placed in direct contact with this image. The 
measurements may be found in table I. 

All species of Abies have well defined growth rings, but the gen- 
eral lack of uniformity in the width of the rings makes this charac- 
ter of little importance diagnostically. Table II gives the relative 
rates of growth for the specimens studied. 

It will be seen from this table that certain of the species have an 
unusually high proportion of summerwood (fig. 1), while the high 
altitude species such as A. fraseri and A. magnifica have a low 
proportion of summerwood (fig. 2). This character, more constant 
than width of ring, is applicable to any width ring for any of the 
species studied. Although these estimates are of little value in exact 
differentiation of species, they serve a useful purpose in some in- 
stances and should always be taken into consideration in diagnosis. 

The transition of wall thickness from that of the springwood to 
the summerwood cells is also of diagnostic importance, since it is a 
characteristic of great constancy and is convenient in the identifica- 
tion of Abies grandis (fig. 1), A. concolor, and A. venusta, in which 
cases the transition is moderately abrupt; whereas in the remainder 
of the genus the transition from springwood to summerwood is 
gradual. 


All of the tracheids found in the species of Abies are of the pitted 


type, and in all but one case bordered pits were observed, not only 
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on the radial walls but also upon the tangential walls of the tra- 
cheids, particularly in the late summerwood. These can readily be 
seen on the tangential section, but the pits are small and may easily 
be overlooked unless the section is densely stained. The pits vary 
considerably in size and shape (table I). 

It was found that thickness of the walls, particularly of the sum- 
merwood tracheids, is characteristic in the case of Abies grandis 
(fig. 1) and A. venusta (fig. 3), in which the summerwood wall 


TABLE II 
RING WIDTHS OF SPECIES FOR SPECIMENS EXAMINED 
(BASIS, 96 SAMPLES) 


NO. OF RINGS PER INCH 





ids anal SS rer ne 
MINIMUM MAXIMUM ARITHMETK Ba 
AVERAGE 
fraseri... 3 38 12 5-8 
balsamea. . . 6 20 II | 20-30 
amabilis. P 4 2 13 15-40 
grandis... . ee) 4 34 16 10-50 
lasiocarpa..... 10 50 27 10-25 
arizonica.... II 290 19 IO-15 
concolor. . . 4 57 18 7-20 
venusta.... 6 80 29 20-55 
nobilis. .. 5 62 29 30-50 
magnifica 12 39 23 8-15 
magnifica shastensis . 16 45 29 5-10 


thicknesses average 0.0074 and 0.0073 mm. respectively, this being 
much higher than the average for the genus. The summerwood wall 
thicknesses and tracheid measurements were taken in the last 0.01 
mm. of the annual ring. The springwood measurements were taken 
in the first o.o5 mm. of the annual ring, so that the measurements 
would be comparable. It will be noted from table I that the wall 
thicknesses of the springwood vary within small limits and are of 
little diagnostic value, with the possible exception of A. lasiocarpa 
in which the springwood wall thickness is only 0.0014 mm., this 
being much thinner than the average. 

The arrangement of the pits on the radial walls is characteristic 
in some cases. In Abies balsamea, A. grandis, A. venusta, and A. 
magnifica the pits commonly occur in pairs, whereas in the others 
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rics. 1~4.—Fig. 1, Abies grandis: cross-section showing abrupt transition from 
spring to summerwood and the thick walls of the summerwood tracheids. Fig. 2, A. mag- 
nifica: cross-section showing gradual transition of tracheid wall thickness from spring 
to summerwood and low proportion of summerwood typical of high altitude species. 
Fig. 3, A.venusta: cross-section illustrating presence of resin passages (1) in normal wood 
and extreme thickness of walls of summerwood tracheids. Fig. 4, A. nobilis: tangential 
section showing rays up to 40 cells high and partly biseriate rays (b) 
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they occur singly in all but exceptional cases. This factor may be of 
some diagnostic value. 

The parenchymatous rays were studied on all three sections, and 
may be divided into two classes, uniseriate rays and partly and 
wholly biseriate rays, depending upon whether the ray cells are 
paired or singly disposed when viewed tangentially. In Abies ama- 
bilis, A. concolor, A. grandis, A. venusta, A. nobilis, and A. magnifica 
the partly biseriate rays may be found in varying percentages, 
whereas in the others they are strictly uniseriate (figs. 4-6). It is 
peculiar that these partly biseriate rays occur in A. magnifica, while 
in the variety A. magnifica shastensis only uniseriate rays were seen. 
This observation may be made either on the cross or on the tangen- 
tial sections, but it is most evident on the tangential as a larger 
number of rays are there exposed. 

The height of the rays and the shape and character of the ray 
cells can also be best observed in the tangential section. It was 
found, for instance, that the maximum ray height was character- 
istic for the different species, ranging from as low as 13 cells in 
Abies lasiocar pa (fig. 7) to as high as 60 cells in A. magnifica (fig. 5). 
It is thought that the size of the rays alone is sufficient to identify 
A. lasiocarpa and A. arizonica, since their rays are so much lower 
and more numerous than in the other species. On the other hand, 
A. magnifica may be separated from its variety on this basis (fig. 5), 
since the highest rays in the variety attain a height of only 30 cells, 
whereas the species rays attain a height of 59 cells and average 20 
to 30 cells in height. 

The number of rays on the cross and tangential sections is also 
a good indicator of the species. It was found that the number of 
rays per lineal centimeter of cross-section varied within limits in all 
species studied. Further observation revealed a wide variation in the 
number of rays on the tangential section. To obtain counts of the 
number of rays in the tangential section, only rays wholly within 
the area under consideration were counted. The averages obtained 
in this manner are summarized in table III. 

The pitting of the radial walls of the ray parenchyma is a charac- 
ter that varies too much to receive serious consideration as a diag- 
nostic factor, although in the case of Abies amabilis the predominant 
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occurrence of but one pit per crossfield is characteristic (fig. 8). 
The term crossfield is used to apply to the area lying at the inter- 
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Fics. 5-8.—Fig. 5, Abies magnifica: tangential section showing high ray (hk) and 
biseriate ray (b) typical of this species. Fig. 6, A. amabilis: tangential section showing 






































typical partly biseriate rays. Fig. 7, A. ariszonica: tangential section showing prepon 
derance of low rays (cf. fig. 14). Fig. 8, A. amabilis: radial section showing common 


occurrence of one simple pit per crossfield in ray parenchyma. 
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section of a ray parenchyma cell and a wood tracheid in the radial 
section. 

The presence of calcium oxalate crystals in the rays has been 
observed by several investigators, and is of diagnostic value, since 


their occurrence seems to be constant for Abies magnifica, its variety 


A. concolor, and A. venusta. No crvstals were found in any of the 
other species, except for an occa il small crystal seen in speci- 
mens of A. fraseri and A. grandis. Such crystals are shown in figures 
9 and to. 

TABLE Il 


RAY VOLUME AS INDICATOR OF SPECIES 


AVERAGE NO. OF RAYS 


ABIES SPECIES 
_ ss PER LINEAR CM. | PER SQUARE CM 


OF CROSS- OF TANGENTIAL 
SECTION SECTION 


fraseri. 58 3830 
balsamea 5° 2950 
amabilis 84 2700 
grandis 54 2280 
lasiocarpa 47 4400 
arizonica. . 54 5200 
concolor 71 2660 
venusta.. 82 2440 
nobilis. . . 78 3200 
magnifica 64 1850 
magnifica shastensis. 83 3280 


The presence of ray tracheids in A bies (8, 9, 17, 23) is considered 
of little value because their presence has always been a point of 
controversy. Of the ten investigated species of Abies, ray tracheids 
are found only in A. balsamea, and here they are marginal and of 
intermittent occurrence. 

Wood parenchyma in the form of resin and epithelial cells were 
found in Abies amabilis, A. grandis, A. concolor (fig. 11), A. venusta, 
A. nobilis (fig. 12), A. magnifica, and A. magnifica shastensis. In all 
cases where they did not occur in conjunction with resin passages or 
traumatic tissues, they were mostly scattered in the late summer- 
wood or in the first row or two of early springwood. Their occur- 
rence can readily be noted in cross-section, and can be distinguished 


either by their resin content and thin walls, by their advanced posi- 
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Fics. 9-12.—Fig. 9, Abies magnifica shastensis: radial section showing calcium oxa- 
late crystals in ray parenchyma. Fig. 10, A. concolor: radial section showing occurrence 
of crystals in ray parenchyma. Fig. 11, A. concolor: cross-section showing two resin 
cells (r) characteristic of this species. Fig. 12, A. nobilis: cross-section showing two 
typical resin cells and thick-walled summerwood tracheids. 
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tion into the next annual ring, or by the profuse simple pitting of 
their end walls. In the radial and tangential sections they can be 
identified by their resin content, simple pits, and transverse end 
walls. Usually they occur in rows in this section and may be coter- 
minous with resinous tracheids. 

Epithelial cells also occur in the case of the wood of Abies venusta, 
which contains a great number of resin passages both in the spring- 
wood and summerwood (fig. 3). These resin passages are not trau- 
matic in character, but occurred in all specimens of sound wood 
that were studied. Resin passages also develop in pathologic tissues 
of other species, notably in the woods of Abies amabilis, A. concolor, 
A. nobilis, A. magnifica, and A. magnifica shastensis; but their oc- 
currence is not constant enough to be of diagnostic importance. 

In constructing the key for the identification of the species of 
this genus, it was felt that macroscopic characters should be adhered 
to as much as possible, so that if certain species could be identified 
without the use of the microscope, the key would so indicate. How- 
ever, since the important diagnostic difference between Adies and 
Tsuga is the absence of ray tracheids in the former (18), it is im- 
possible to determine even the genus without high magnification. 

The simplest character which appears to divide the genus into 
groups is the color of the wood. There are two species showing a 
reddish color, the remainder being pale brown (to nearly white in 
the case of Abies arizonica). This division accords with that of 
SARGENT (21), who on the basis of external characters divided A bies 
into three groups, the Euabies, Bracteatae, and Nobiles. The two 
red-wooded species coincide with the Nobiles group, which contains 
A. nobilis, A. magnifica, and A. magnifica shastensis. Further sub- 
division of this smaller group is a simple matter. The remaining or 
pale-wooded group is again subdivided into two subgroups (which 
again coincide with SARGENT’S classification) on the basis of the 
presence or absence of resin passages in the normal wood. Thus 
A. venusta, the only American representative of the Bracteatae, falls 
into the division containing resin passages in the normal wood, while 
the Euabies fall into the group which does not have resin passages. 

SARGENT’S Euabies can then be subdivided on the basis of the 
presence or absence of crystals in the rays, or the occurrence of 
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partially biseriate rays and other characters as shown in the follow- 
ing key. Before arriving at a decision when using this key, it is well 
to check each difference carefully, and afterwards compare it with 
the chart (table IV) which gives a summary of the characteristics 
most evident and of greatest value in identification. 


Key to Abies woods 


A. Woods with reddish tinge in both springwood and summerwood of both 
heartwood and sapwood, resin cells usually present in early springwood 

B. Crystals absent in ray parenchyma, rays sometimes partly biseriate, 

resin cells numerous, summerwood up to 50 per cent of annual ring, 

transition spring to summerwood gradual, rays up to 4o cells high 

Abies nobilis 

BB. Crystals present in ray parenchyma, resin cells rare in sound wood, 
summerwood usually less than 15 per cent of annual ring 

C. Rays all uniseriate, not over 30 cells high . Abies magnifica shastensis 

CC. Rays commonly biseriate in part, and up to 60 cells in height 

Abies magnifica 

buff or light ivory yellow in 

color but without reddish tinge in springwood; sometimes a reddish 

tinge in summerwood of A. concolor, 

cells present or absent 


Tangentially grouped resin passages present in normal wood, which is 


A. grandis, and A. amabilis; resin 


B. 


heavy and hard, summerwood tracheids thick-walled, transition spring 
to summerwood abrupt, rays numerous and up to 43 cells high.. 


{bies venusta 
BB. Resin passages absent in normal wood, or if present are of traumatic 
character in frost rings or scars 
C. Crystals present in ray parenchyma, resin cells present, part of rays 
partly biseriate, ray cells definitely ovoid in tangential section 
. Abies concolor 
CC. Crystals absent in ray parenchyma cells 
D. All of rays uniseriate, resin cells absent, rays usually low and 
under 26 cells high 
E. None of rays over 15 cells high, wood with unpleasant 
odor 
F. Rays numerous, summerwood tracheid walls very 
thin (31 ») making up 10-15 per cent of ring; rays 
low, 4900-5400 per sq. cm. on tangential section 
(fig. 7) {bies arizonica 
FF. Rays numerous, summerwood tracheid walls 
about 38 w thick making up 10-25 per cent of 
ring; 4200-4600 rays per sq. cm. on tangential 
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Fics. 13-16.—Fig. 13, Abies concolor: tangential section showing ovoid ray paren- 
chyma and partly biseriate ray (b) such as is occasionally found in this species. Fig. 14, 
A. lasiocarpa: tangential section showing absence of very low rays in this species (cf. 
fig. 7). Fig. 15, A. fraseri: tangential section showing occurrence of very low rays and 
elongated ray parenchyma typical of this species (cf. fig. 16). Fig. 160, A. balsamea: 
tangential section (note higher ray and oval character of ray cells as shown by the high 
power photograph). 
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section; rays average 5-10 cells high whereas 

above lower rays are more common (fig. 13) 
Abies lasitocarpa 
wood without unpleasant 

odor 
Summerwood 5-10 per cent of ring, very low rays 
common, 3600-4000 rays per sq. cm.; ray tracheids 
absent, pits on radial walls of ray parenchyma semi- 
bordered, springwood tracheid walls only 18 p» thick, 
ray parenchyma elongated vertically in tangential 
section (figs. 14, 16).................Abies fraseri 
FF. Summerwood 20-30 per cent of ring, very low 
rays rare, ray tracheids present or absent, pits on 
radial walls of ray parenchyma simple, 2560-3200 
rays per sq. cm. on tangential section; ray paren- 
chyma wider than preceding and sometimes al- 
most ovoid tangentially, springwood tracheids 
walls about 23 w thick (fig. 16)... . Abies balsamea 
DD. Part of rays partly biseriate, resin cells present, rays high, 
maximum at least 26 cells 
E. Transition spring to summerwood rather abrupt, summer- 
wood heavy and dense, resin cells scarce and partly 
biseriate rays scarce; two pits per crossfield in radial sec- 
tion, rays up to only 47 cells high, rarely containing a few 
crystals .....Abies grandis 
EE. Transition spring to summerwood gradual, texture of 
wood more uniform, resin cells prominent, many part- 
ly biseriate rays present, mostly one pit per crossfield, 
rays up to 62 cells high.............. Abies amabilis 
DEPARTMENT OF FORESTRY 
Ouro STATE UNIVERSITY 
CoLuMBus, OHIO 
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MORPHOLOGY OF THE SPOROPHYTE 
OF RICCIA CRYSTALLINA 


CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 429 
F. M. PAGAN 
(WITH TWENTY-FOUR FIGURES) 

The earliest studies of Riccia were probably made by HOFMEISTER 
(9), who studied the development of the thallus, the origin and 
position of the sex organs, and the development of the sporophyte. 
Ky (12) studied the apical cell, the method of growth of the thallus, 
the origin and growth of the ventral] scales and sex organs, and 
the nature of the air cavities. LEITGEB (14) to a limited extent 
studied the development of the sporophyte. Kiren1Tz-GERLOFF (10) 
traced the early developmental stages of the sporangium in many 
members of the Hepaticae, such as Riccia glauca, Marchantia poly- 
mor pha, Pellia epiphylla, Frullania dilatata, Preissia commutata, and 
Grimaldia bifrons. In all cases he studied the transformation from 
the unicellular embryo into a mass of cells in which the various 
parts of the sporangium were still undifferentiated. 

In more recent years a number of investigations (2, 3, 4, 5, 6, 8, 15) 
have been made on the morphology of several species of Riccia. 
Although the literature on various species of the genus is extensive, 
aside from the studies of LEITGEB (14) and Lewis (15), no other 
work has been found dealing with the morphology of Riccia crystal- 
lina. 

Fertilization 

Actual union of gametes was not observed in Riccia crystallina 
but stages just before and just after fertilization were seen frequently. 
Fig. 1 shows a stage before fertilization, while fig. 2 represents one 
after fertilization has taken place. By a comparison of the mature 
egg (fig. 1) and the zygote (fig. 2), one can readily observe the marked 
changes which take place in both the zygote and venter as soon as 
fertilization occurs. The young embryo enlarges considerably, al- 
most filling the cavity of the venter. A thin wall is also secreted by 
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Fics. 1-9.—Fi mature egg just before fertilization; fig. 2, zygote getting ready 


3S. 1-9. g. I,m 
for first division; cells of venter forming 2-layered calyptra; 1230. Fig. 3, first divi- 
sion of zygote; figs. 4, 5, quadrant and octant stages; fig. 6, further divisions of young 
embryo, fig. 7, beginning of setting off of sporangium wall; figs. 8, 9, complete differen- 
tiation of sporangium wall; X 775. 





1932] PAGAN—RICCIA CRYSTALLINA 73 


the protoplasm of the zygote. Simultaneously with these changes, 
the cells of the venter undergo enlargement, and soon divide by 
walls parallel to the surface, forming a 2-layered calyptra. These 
changes are so rapid that this condition may be attained even before 
the zygote has completed its first division. 


Development of sporophyte 

The first division of the zygote is either transverse or inclined to 
the major axis of the archegonium, thus dividing the young embryo 
into two almost equal cells, a hypobasal and an epibasal cell (fig. 3). 
The second wall that comes in is more or less perpendicular to 
the first, forming a quadrant (fig. 4). BLAck (3), working with 
Riccia frostii, reported this division as sometimes being parallel to 
the first, thus giving rise to a 3-celled embryo. In the case of Riccio- 
carpus (Riccia) natans, GARBER (6) and Lewis (15) found that walls 
sometimes appeared in both the hypobasal and epibasal cells parallel 
to the first wall, forming a tier of four horizontally superimposed 
cells. Following formation of the quadrant, a wall meets the other 
two at right angles, resulting in the octant stage (fig. 5). From work 
on various members of the genus, it is evident that two types of em- 
bryos occur, the filamentous and the octant type, the latter being 
more common. 

Further divisions of the sporophyte take place in all planes until 
a more or less globular mass of cells is formed (figs. 6-9). By peri- 
clinal divisions the sporangium wall, consisting of a single layer of 
cells, is separated from the sporogenous tissue. As a general rule, 


the sporangium wall is set off early (figs. 7, 8). BLAck found that 


it was not differentiated until late in some cases. As the sporo- 
phyte continues its growth, the sporogenous cells increase in size 
and divide until a rather large mass of cells is produced (fig. 9). 
In Riccia crystallina, however, the number of cells ultimately trans- 
formed into spore mother cells is much smaller than in some other 
members of the genus. While these potentially sporogenous cells 
grow and divide in all directions, those of the sporangium wall grow 
mainly in length and breadth, and divide only by radial divisions, 
so that at no time is the sporangium wall more than one cell thick 
(figs. 8-10). While cell multiplication and enlargement have been 
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going on, the cells of the thallus, calyptra, and sporangium wall have 
been increasing in numbers, and thus expansion of the sporogenous 
tissue has been possible throughout its entire development. As soon 
as the sporangium wall grows away from the mass of spore mother 
cells, these round off, increase in size, and reduction divisions occur. 
While these are taking place, the walls separating the spore mother 
cells begin to disintegrate, so that by the time the first reduction 


Fics. 10, 11.—Fig. 10, spore mother cells beginning to round out; 420. Fig. 11, 
spore mother cells surrounded by nutritive material and undergoing first reduction 
division; sporangium wall partly resorbed; X 295. 


division takes place the spore mother cells lie free within the cavity 
of the sporangium (fig. 11). These spore mother cells are surrounded 
by much nutritive material. This substance, which serves as food 


for the developing spore mother cells, may be said to come from four 
sources: storage products of photosynthesis within the cells of the 
gametophyte, disorganization of the cells of the sporangium wall and 
calyptra, decomposition products of the cell walls between the spore 
mother cells, and disintegration of some of the spore mother cells 
themselves. 

The disintegration of the sporangium wall is varied. In Riccia 
frostii, BLackK found that by the time the spore mother cells 
were formed the sporangium wall (amphithecium) was partially 
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disorganized; while in R. nafans GARBER and Lewis found that it 
was distinguishable until the spores were almost ripe. In R. crystal- 
lina this layer in some cases begins early to disintegrate, while in 
others it remains intact until the spore mother cells are ready for 
reduction divisions. Apparently the late disappearance of the spo- 
rangium wall is coupled with the failure of potential sporogenous 
tissue to produce spores. It has been observed that when there is 
a diversion of potential sporogenous tissue the sporangium wall re- 
mains intact for a long time (figs. 13, 14). This behavior seems to 
indicate that the whole phenomenon of diversion of potential sporog- 
enous tissue is a question of food supply, as will be dealt with in 
another part of this paper. Disintegration of the inner layer of the 
calyptra takes place in much the same manner as that of the sporan- 
gium wall. Finally the remaining layer of the calyptra is resorbed 
and the mature spores are left free in the archegonial chamber. 
The spores can escape only by decay of the thallus, one of the most 
primitive methods of spore dispersal. 


Diversion of potential sporogenous tissue 


One of the outstanding features connected with the sporophyte 
in species of Riccia has been the lack of sterile tissue, aside from the 
sporangium wall. All students of the group, up to the present time, 
have been in agreement that all spore mother cells in Riccia pro- 
duce spores. For many years Professor W. J. G. LAND has been of 
the opinion that the beginnings of the diversion of potentially 
sporogenous tissue was to be found in Riccia. Slides of R. crystal- 
lina were prepared by him but through a period of many years 
most of these original slides were lost. The few remaining, in addi- 
tion to some material already imbedded in paraffin, Professor LAND 
very kindly turned over to me. After a critical study of this mate- 
rial, enough evidence has been found to indicate that in R. crystallina 
some of the spore mother cells fail to produce spores. 

The diversion of potential sporogenous tissue in Riccia crystallina 
can be observed at different periods during development of the 
sporophyte. Fig. 12 represents a rather early stage in which the 
spore mother cells are just beginning to round out. The protoplasmic 
content of the diverted sporogenous tissue (one cell in this case) 
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has withdrawn to the center of the cell, the nuclear material has 
begun to disorganize, and disintegration of the protoplasm is evi- 
dent, as compared with that of its sister cells in which no disturb- 
ance has yet taken place. The staining reaction is also different, 


Fics. 12, 13, 17, 18.—Fig. 12, sporangium showing diversion of potential sporoge- 
nous tissue at early stage in spore mother cell formation; 660. Fig. 13, diversion of 
spore mother cell in hypobasal region of sporangium; X 510. Figs. 17, 18, sterile and 
spore mother cells respectively, taken from same sporangium; sterile cell shows eight 
masses of chromatin but nuclear membrane has already disappeared; X 1920. 


perhaps because of the decomposition products. The sterile or nurse 
cells, as they may be called, stand out conspicuously. Complete dis- 
appearance of these cells is soon accomplished and no trace of them 
is left, a fact which may account for their having been overlooked 
for so many years. 
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Diversion of potential sporogenous tissue is not confined to this 
early stage, but in the majority of cases and with greater frequency 


takes place later, when the spore mother cells have become somewhat 
spherical (figs. 13, 14). Here again these cells, which serve as food 
for the developing spore mother cells, are still easily recognized, not 
only because of the deeper staining which they take owing to the 
decomposition products of the nuclear and cytoplasmic substances, 





Fics. 14-16.—Fig. 14, sporangium in spore mother cell stage showing sterile cell in 
epibasal region; X510. Fig. 15, enlarged view of sterile cell of fig. 14; fig. 16, spore 
mother cell of sporangium of fig. 14; 1920. 


but also because of their irregular outline and smaller size compared 
with the mother cells as shown in figs. 15-18. Here the beginnings of 
sterilization have taken place much later than in the previous case. 
In these instances the nuclear membrane has been resorbed, but the 
chromatin material is still present in the form of masses, eight of 
which are commonly seen. These masses of chromatin doubtless 
represent the eight chromosomes characteristic of the sporophytic 
generation of this species, as reported by Lewis and frequently ob- 
served during the present investigation. Although the figures give 
the impression that only one cell in a given section fails to go through 
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reduction division, such is not always the case. Here and there in 
a given section two or more sterile cells are evident, this being es- 
pecially true of tangential sections. In a truly median section one 
sterile cell and possibly portions of one or several more are often seen. 

Fig. 19 exemplifies another case in which the disturbance causing 
sterility appeared still later than in the two previous cases. In this 
instance sterilization took place rather late, when reduction division 
was already in progress, and consequently the spore mother cell 
reached the tetrad stage. However, the nucleus of each spore of the 
tetrad failed to organize as such, the spore coat did not attain its 
full development, and the tetrad as a whole remained stunted in 
contrast to its sister tetrads where full development was accom- 
plished in the usual way (figs. 20, 21). These two tetrads were drawn 
from the same sporangium which is shown in fig. 19. Diversion of 
sporogenous tissue in this case approaches closely the formation of 
sterile cells in Sphaerocar pus terrestris, as reported by LECLERC DU 
SABLON (13), with the exception that in Sphaerocarpus the nucleus 
of each spore is well organized while in Riccia it is not. In the latter 
the nuclei are represented by small portions of chromatin material 
without a definite surrounding nuclear membrane. Figs. 22-24 rep- 
resent a series of sections of this same sterile tetrad (fig. 20) at dif- 
ferent levels, and show the nature of the protoplasm and cell wall as 
well as its size in comparison with a tetrad of the same sporangium 
(fig. 21) where no disturbance has occurred. 




































































In Oxymitra (Tesselina), LEITGEB (14) figured sterile cells as oc- 
curring only on the periphery of the sporangium. He stated that 
they were spherical, always present in small numbers, and consider- 
ably smaller than the tetrads but larger than the cells of the sporan- 
gium wall. He observed that when the tetrads were almost ripe the 
sterile cells were completely devoid of starch and showed signs of 
death. He found sterile cells also in Corsinia. In this case the some- 
what elongated or spindle-shaped sterile cells were distributed 
throughout the sporangium, and their contents consisted of fine 
granular protoplasm. In Sphaerocarpus LEITGEB showed that sterile 
cells were scattered through the entire sporangium, and were not, 
as PETOUNNIKOW (17) thought, confined to the periphery. LE- 
CLERC DU SABLON found that in Sphaerocar pus the sterile cells divid- 
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ed into four, and that such division was generally accompanied by 
wall formation. Whether or not this division is meiotic remains to 
be proved. In Riccia crystallina sterile or nutritive cells appear not 


"te are. 
SPITS 


Fics. 19-24.—Fig. 19, sporangium in tetrad stage showing sterile tetrad in center; 


X29. Figs. 20, 21, sterile and spore tetrads respectively, taken from sporangium of 
I I ) I 
fig. 19; figs. 22-24, sterile tetrad of fig. 20 at different levels; X 1920. 


only on the periphery of the sporangium, but also rarely in the inte- 
rior. It has also been observed that these nurse cells may or may 
not reach the tetrad stage, the latter condition being the prevalent 
one. The presence of sterile cells is considered of general occurrence 
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in Tesselina, Corsinia, and Sphaerocarpus, but of common rather 
than of general occurrence in Riccia. Thus the sterile cells in these 
species have one or more characters in common, which serve to 
strengthen the relationships thought to exist among these lower 
groups of plants. From a consideration of all the characters of the 
sterile cells in these groups, it may be concluded that the sterile 
cells of Riccia represent the most primitive stage of sterile cell for- 
mation so far reported, and this is in accordance with the phylo- 
genetic position of the genus. The nutritive cells of R. crystallina 
are sister cells of the spore mother cells, as is the case in Tesselina, 
Corsinia, and Sphaerocarpus. The same condition has been reported 
for the elaters of Reboulia hemisphaerica by Haupt (7). In all these 
forms the potentially sporogenous tissue is diverted much later than 
in Marchantia polymorpha and M. domingensis. In the former 
O’HANLON (16) found that the sporogenous cells which are sister 
cells of the elaters underwent five divisions before the spore mother 
cell stage was reached, while in the latter ANDERSEN (1) reported 
from three to four divisions. The sterile cells of R. crystallina repre- 
sent the forerunners of the elaters of higher groups. In Riccia these 
cells are ephemeral, while in the next higher group, Tesselina, they re- 
main throughout the life of the sporophyte. In the next higher grcup, 
Corsinia, not only are these cells permanent but they have become 
somewhat elongated, a condition which becomes more pronounced 
in the other groups. With this elongation there appear the thick- 
enings so characteristic of the true elaters of Marchantia. 

When the diversion of potential sporogenous tissue comes late in 
the life history of the sporophyte, nurse cells or elaters result; if 
earlier a columella is formed; if very early indeed, there is a true 
stele and cortex, a true conducting system. This failure of potential 
sporogenous tissue to produce spores is perhaps one of the most 
significant single facts in the phylogeny of plants, representing as it 
does the first step in the development of the complex conducting 
system of the higher plants. 

It was indicated before that, when there is a diversion of potential 
sporogenous tissue, the sporangium wall remains intact for a longer 
time. Furthermore, it was assumed that this diversion was a ques- 
tion of food supply. Looking over the figures, it is seen that when 
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nutritive cells are present the sporangium wall remains until late. 
This behavior, therefore, seems to indicate that while sporogenous 
tissue is being used as food the cells of the sporangium wall have not 
been attacked, as is the case when no diversion of sporogenous tissue 
takes place. The cells of the sporangium wall serve to transport the 
food supplies from the calyptra and adjacent cells to the sporogenous 
cells for their growth. The sporogenous cells at the periphery in 
close proximity to those of the sporangium wall use part of this food, 
but the greater portion is passed on to the next cells farther away 
from the periphery of the sporangium. The movement of supplies 
is then concentric, with the cells of the sporangium wall serving as 
points of contact with the gametophytic tissue. This concentric 
movement of supplies is well shown by the sterile cells, wherein dis- 
integration always takes place on the surface farthest away from 
the sporangium wall (figs. 13, 14). Thus the cells of the sporangium 
wall serve as conducting cells, during most of their life. Likewise 
some of the sporogenous cells, and especially those on the periphery, 
take an active part in transporting food materials from the sporan- 
gium wall to the interior; become arrested in their development; 
and later are used as food by their sister cells. Here then, potentially 
sporogenous cells are diverted to function for conduction, and ulti- 
mately their content is used by the functional sporogenous cells. 
In higher forms, as in the Marchantiaceae, this sterile tissue is 
considerably increased and is diverted to perform other kinds of 
work. It has given rise to new structures, namely, foot and seta, 
columella; and in higher forms, as Anthoceros, stele and cortex. 
There is extensive development of the foot region, it becoming larger 
for the purpose of procuring food. Some of the cells of the foot some- 
times extend into the tissue of the gamectophyte, performing the 
work of haustoria. The upper portion of the foot, the seta, is a trans- 
mitting region which later becomes an agent in the dispersal of 


spores by bursting the calyptra. In general the failure of spore 


mother cells seems mainly a matter of food supply, those on the 
periphery being deprived of their share by the neighboring cells 
which, while enlarging, consume gieat quantities of nutritive mate- 
rial. 

It remains to account for the failure of spore mother cells in the 
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interior of the sporangium. Here again the question of food supply 
is perhaps the most important single factor. Some of the cells grow 
at the expense of others which, although surrounded with an abun- 
dance of nourishment, are not able to assimilate it so fast. It was 
observed before that, in the very early stages of the diversion of 
potential sporogenous tissue, the cytoplasmic contents, as well as 
the chromatin material, were much less in proportion to that of the 
cells which ultimately gave rise to spores. This condition, therefore, 
may be said to be, in part at least, responsible for their ultimate fail- 
ure, a failure which has come rather late, when division was, if not 
already in progress, just starting. 


Summary 


1. As soon as fertilization is accomplished in Riccia crystallina, 
the young embryo enlarges considerably and a thin wall is formed. 
The cells of the venter also enlarge, divide, and a two-layered calyp- 
tra develops. 

2. The first division of the zygote is either transverse or inclined 
to the major axis of the archegonium. By successive divisions, the 
quadrant and later the octant stages are formed. Later divisions 
appear in all directions, and a more or less globular mass of cells is 
formed. By periclinal divisions the sporangium wall is set off from 
the sporogenous tissue. 

3. By the time the spore mother cells have attained full size, 
the sporangium wall, preceded by the cells of the calyptra and 
thallus, have grown out so that at no time has the rounding off of 
the spore mother cells been interfered with. 

4. Thespore mother cells are surrounded by an abundance of food 
material, all of which may be used during their period of develop- 
ment. This food material is derived from neighboring cells richly 
stored with food reserves, from the walls separating the young spore 
mother cells, and from spore mother cells which have failed to pro- 
duce spores. 

5. The resorption of the sporangium wall is varied. In some cases 
it begins early, but in most cases it takes place late. The time of 
resorption may be said to be closely connected with the food supply 
which is to be used by the developing spores. 
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6. There is a diversion of some of the potential sporogenous tissue. 
This diversion may take place at different times during formation of 
the spores. Some of the cells become abortive before they round out, 
others just before reduction division, and a few after division of the 
spore mother cells has taken place. 

7. The sterile cells are not confined to the periphery of the spo- 
rangium only, but may be found in the interior as well. These nutri- 
tive cells are sister cells of the spore mother cells. 

8. Diversion of potential sporogenous tissue in Riccia crystallina 
takes place much later than in Marchantia polymorpha and M. 
domingensis. 

g. The sterile cells in Riccia may be considered as the forerunners 
of the elaters of higher forms of Hepaticae. 

10. The failure of potential sporogenous tissue to produce spores 
seems mainly a matter of food supply. 


The writer wishes to express appreciation for the advice and aid 
given by Professor W. J. G. LAND, who suggested this investigation 
and under whose direction it was carried out. 
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MOISTURE CONTENT AND HIGH TEMPERATURE 
IN RELATION TO THE GERMINATION OF 
CORN AND WHEAT GRAINS' 

WILLIAM J. ROBBINS AND KARL F. PETSCH 
(WITH FOUR FIGURES) 

Introduction 

The injurious effects of high temperatures upon a given kind of 
living tissue are chiefly conditioned by the degree and time of appli- 
cation of the heat, the water content of the tissue, and the presence 
of liquefying or coagulating agents. Information on the quantitative 
effect of the three factors mentioned is important from a theoretica 
standpoint, because it may indicate the type of material of which the 
living protoplasm is composed and the way in which heat injures the 
protoplasm. It is valuable also from a practical standpoint, because 
of the use of heat in seed treatments for controlling seed-borne dis- 
eases and for controlling insect pests. 

In the present investigation, the relation between the tempera- 
tures required to kill grains of wheat and corn and the moisture con- 
tents of the grains was determined, the time of exposure to the heat 
remaining constant. Some figures calculated from the data given by 
GROVES (1) were used in connection with the study of the wheat 
grains. 


The literature on the effect of high temperatures on seed germina- 
tion will not be reviewed here. It may be found in the papers of 
GRovEs (1) and WAGGONER (5), and the monograph of Kanirz (2). 


Materials and methods 

Grains of Reid’s Yellow Dent corn, Longfellow Flint corn, and 
Kanred wheat were used. The method of heating was similar to 
that used by Groves. The grains were placed in test-tubes which 
were tightly sealed by means of a 1-hole rubber stopper. A thermom- 
eter inserted through the stopper extended down among the grains. 
The thermometers used were checked with a standard thermometer. 
The test-tube containing the grains was placed in a water bath, the 

‘ Contribution from the Department of Botany, University of Missouri. 


[Botanical Gazette, vol. 93 





56 BOTANICAL GAZETTE [MARCH 


latter being placed in a second water bath which was heated by a 
Bunsen flame. Variations in water content of the grains were secured 
by placing them in a desiccator over concentrated sulphuric acid for 
several days or soaking them in water at room temperature, ap- 
proximately 21° C. 

The constant time chosen for exposure of the grains to heat was 
two hours. This time was chosen because small variations in its 
length would not produce a very large percentage error, and yet it 
was not so long as to make maintenance of a constant temperature 
too difficult. After exposure to the desired temperature for the 2- 
hour period, the grains were immediately placed to germinate at 
room temperature in petri dishes lined with moist filter paper. Each 
treatment was run in duplicate, and unheated controls were used 
with each lot of grains at a given moisture content in order to deter- 
mine whether the methods used in securing variations in water con- 
tent had affected the germination. 

Moisture determinations of the entire grains and of the embryos 
alone were made on each lot of grains. A higher moisture content 
than approximately 35 per cent for corn and 4o per cent for wheat 
could not be secured with ungerminated material. Grains were 
therefore allowed to germinate and were subjected to the heat treat- 
ments when one, two, three, four, or five days old. On the fifth 
day of germination the leaves of the young seedlings were well out 
of the coleoptile. 

Experimentation 

Corn.—The corn grains were heated in test-tubes 20.5 cm. long 
and 2.5 cm. in diameter. Fifty grains were placed in each tube. 
Counts of the number of grains germinating were made when the 
controls began to germinate and each 24 hours thereafter, until ger- 
mination was complete. Injurious effects were evidenced not only 
by failure to germinate, but also by delayed germination and by an 
abnormal appearance of the young radicles or plumules after break- 
ing through the seed coats. The records of these injuries will not be 
reported here. 

The corn which was germinated before the heat treatment was 
heated in larger tubes in order to prevent injury to the seedlings 
through overcrowding. These tubes were of thin glass, 20 cm. long 
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and 5 cm. in diameter. After the seedlings were subjected to the 
heat treatments they were placed on moist sand. Observations on 
their condition were made at the end of three days. 

The results for Reid’s Yellow Dent corn are shown in figure 1 and 
for Longfellow Flint corn in figure 2. Each point on the curves 
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Fics. 1-3.—Fig. 1, temperature (° C.) required to kill 75 per cent of Reid’s Yellow 
Dent corn grains plotted against water content of whole grain (solid line) and of em- 
bryo only (dotted line); time of heating constant at two hours. Solid line curve to right 
represents temperature for coagulation of egg albumen with one-half hour heating. 
Fig. 2, temperature (° C.) required to kill 75 per cent of Longfellow Flint corn grains 
plotted against water content of whole grain (solid line) and of embryo only (dotted 
line) ; time of heating constant at two hours. Solid line curve to right represents temper- 
ature for coagulation of egg albumen with one-half hour heating. Fig. 3, temperature 
(° C.) required to kill 75 per cent of Kanred wheat grains plotted against water con- 
tent of whole grain (solid line) and of embryo only (dotted line); time of heating con- 
stant at two hours. Solid line curve to right represents temperature for coagulation of 


ow < 


egg albumen with one-half hour heating. (Data on egg albumen from LEwitu.) 


represents the temperature and water content at which 75 per cent 
of the grains were killed. The solid line curve was constructed from 
the water contents of the entire grains, and the dotted line curve from 
the water contents of the embryos. Water contents and tempera- 
tures to the left of each curve are those at which, the temperature 
being applied for two hours, the corn showed more than 25 per cent 
germination. Water contents and temperatures to the right of each 
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curve are those at which less than 25 per cent of the corn germinated. 
At a given water content, exposure to a temperature 3°—5° less than 
the one indicated by the curve was not visibly injurious, while ex- 
posure to a temperature 3°—5° higher killed all the grains. Thus at a 
water content for the entire grains of 12.5 per cent, the germination 
of Reid’s Yellow Dent corn after two hours’ heating at 62.5° C. was 
84 per cent; at 65.0°, 36 per cent; and at 67.5°, 2 per cent. 

Examination of the curves shows, as might be expected, that the 
higher the water content the more susceptible is corn to the effects 
of high temperature. Thus it required, with a period of heating of 
two hours, 80° to kill 75 per cent of the grains of Reid’s Yellow Dent 
corn with a moisture content in the whole grains of 5.2 per cent, 
while 57° was sufficient to kill 75 per cent of the grains when the 
moisture content had been raised to 30.5 per cent. The effect of a 
given percentage change in water content on the sensitiveness to 
high temperature is greater at lower water contents than at the 
higher ones. This is shown by the curves becoming more nearly 
parallel to the abscissa as the water content decreases. 

At any given water content, the death temperature as defined 
in this paper is lower when the moisture content of the whole grain 
is considered than it is when the moisture content of the embryo 
alone is taken into account. With a water content of 40 per cent for 
the whole grain the death temperature is 48° C., but it is 58° when 
the water content of the embryo is 40 per cent. The curves based on 
the water contents for the whole grains and on those for the embryos 
approach one another at the extremes, at low and high water con- 
tents, and diverge widely at medium water contents. This differ- 
ence between the relation of the death temperature to the water con- 
tent for the whole grains and to that for the embryos is explainable 
on the basis of two facts. Failure to germinate is due to the injurious 
effect of heat upon the embryo, and the water content of the em- 
bryo (except in the relatively dry grain) is not the same as that for 
the endosperm or the whole grain (embryo plus endosperm). 

In the resting grain the water content of the embryo and endo- 
sperm are nearly the same. Early in the process of germination 
both embryo and endosperm absorb water, but the percentage of 
water in the embryo soon becomes greater than that in the endo- 
sperm, the two diverging further and further as the point of germina- 
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tion approaches. At that time the embryo continues to increase in 
water content, while the endosperm has almost reached its maxi- 
mum. As the seedling grows, the amount of endosperm compared 
with the seedling tissue becomes relatively smaller, so that again 
the water content of the whole grain (seedling and residual endo- 
sperm) approaches that of the seedling alone. 

Thus when the water content of a grain of Reid’s Yellow Dent 
corn is 40 per cent, that for the embryo in that grain is 60 per cent 
(for the endosperm it is less than 40 per cent). Since we are observ- 
ing the effect of the heat on the embryo, it is obvious that for each 
efiect there are two different water contents, one for the embryo 
and one for the whole grain. The water content of the embryo is 
the more significant, but it would doubtless be more practical in 
applying these results in disease or insect control work to use the 
water content of the whole grain as a guide to the effect of tempera- 
ture. 

Certain differences between the two kinds of corn may be noted. 
Using the water contents of the entire grains, the slope for the Flint 
corn up to the time of germination is less steep than that for the 
Dent corn. In the Flint corn the differences between the water con- 


tents of the whole grains and the embryos are greater up to near 
the time of germination, and less thereafter. This accounts for the 
steeper slope of the curve constructed from the water contents of 
the whole grain for the Dent corn. 


On the basis of the water contents of the embryos, the curves for 
the two kinds of corn up to the time of germination are almost 
identical. At the time of germination a noticeable break in both 
the curve for temperature-water content of the whole grain and that 
for temperature-water content of the embryo occurs for the Dent 
corn. It is more marked in the former than in the latter. This break 
is perhaps associated with the starch content of the Dent corn, as it 
also appears in the curves secured for wheat (fig. 3), which also 
contains considerable starch; but is not apparent in the results ob- 
tained with the Flint corn where the stored food is almost entirely 
fat and protein. 

WuHeat.—In figure 3 the data are summarized for Kanred wheat. 
The first three points on the solid line curve were calculated from 
the data of Groves. Up to about 15 per cent water content of the 
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whole grain, wheat is more susceptible to high temperature than 
either Flint or Dent corn. At 10 per cent water content of the whole 
grain, the death temperature for wheat was 78° and for corn 68°. 
From 20 per cent water content to the time of germination, the 
wheat grain resembles the Flint corn grain in its susceptibility. At 
30 per cent water content the death temperature for wheat was 53.5°, 
for Flint corn 53.5°, and for Dent corn 57°. From the time of ger- 
mination on, the curve for wheat coincides with that for Dent corn. 

That portion of the curve which was secured for the water con- 
tent of the wheat embryo plotted against the killing temperature 
coincides almost completely with that for the embryo of Reid’s 
Yellow Dent corn. 


Discussion 


The present investigation, in addition to giving specific data on 
the relation between water content and killing temperatures for 
wheat and corn grains, also emphasizes the necessity for considering 
the water content of the non-living portion of plant material in 
attempting to solve the relation of the water content of protoplasm 
and death temperature. 

It is not possible to make a close comparison of the relation of 


the death temperatures to the water contents of these grains with 
the effect of heat upon non-living substances; for example, the 
coagulation temperatures of a protein at various water contents. 
Data which the writers have been able to obtain on the relation 
of water content to the effect of temperature on materials which it 
might be anticipated comprise an integral part of the protoplasm 
are very meager. LEwirH (4) gives the following figures from his 
own observations and those of others on the coagulation of egg albu- 
men, the time of heating being one-half hour. 
COAGULATION TEMPERATURE 
In aqueous solution (Starcke).... . 56°C. 
With 25 per cent water........... 74-80° 
With 18 per cent water. ... 88-g0° 
With 6 per cent water Ae 145° 
Water-free 160-170° 
When these data are plotted, a comparison of the curve with those 
obtained in this work for grains of corn and wheat shows a general 
similarity. The coagulation temperatures for egg albumen at the 
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higher water contents are not so very different from the death tem- 
peratures of the grains, if we remember that the period of heating 
for the grains was two hours and for the egg albumen, one-half hour. 
The curve for the coagulation of egg albumen, however, is approxi- 
mate only because of the lack of determinations for water contents 
between 25 per cent water.and aqueous solution. 




















Death! 
{Area} 


} 





+ 
| } b 
~—-++4----4- af) 
{ 4 
{ 1 
' 


= 
3 
= - 
ro) 
@ 
g 
= 
M4 
S 
> 
.) 
ie) 
g 
= 
ANY) 
§ 
QO. 











10° 20° 30° 40° SO° 60° 70° 80° 
Temperature 











Fic. 4.—Relation of water content to temperature required to kill 75 per cent of 
Dent corn grains: Reid’s Yellow Dent exposed two hours for temperatures above 
zero; Hogue’s Yellow Dent exposed 24 hours for temperatures below zero (low tempera- 
ture data from KIESSELBACH and RATCLIFF). 


Even if there were available more complete data on the effect of 
temperature upon proteins at various water contents, there would 
be a further difficulty in making a comparison. The water content 
of the whole grain or of the embryo alone is not necessarily the water 
content of the protoplasm, except perhaps in the desiccated grains, 
and a strict comparison could not be made. 

The breaks in the curves which were found for the Dent corn and 
for the wheat at the time of germination deserve special considera- 
tion. It would be of interest to compare other types of grains or 
seeds in which the reserves are starch, protein, or fat with the results 
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secured in this study. That these breaks can be accounted for entire- 
ly on the basis of relative water content changes in the grains does 
not seem probable, because they appear also when the water content 
of the embryo alone is considered. The larger tubes, used as the 
containers for the germinated grains, would not appear responsible 
for the results, since the larger tubes were used also for the Flint corn 
for which no break in the curve was found. It is possible that 
changes in acidity occur in the starchy seeds at the time of germina- 
tion. An increase in acidity would lower the death temperature, and 
if such a change occurred at the time of germination, a break in the 
curve such as was obtained might be anticipated. 

It is of some interest to consider the effect of low temperature as 
related to water content. KressELBACH and RaTcLiFF (3) give some 
data indicating the freezing temperatures required to kill approxi- 
mately 75 per cent of the grains of Hogue’s Yellow Dent corn when 
the freezing temperature was applied for 24 hours. Using their data 
and that secured for Reid’s Yellow Dent corn in the present study, 
it is possible to construct a suggestive curve (fig. 4) indicating the 
life area and death area for corn at various temperatures and water 
contents. This figure is suggestive only, as the variety of corn used 
at the high and low temperatures is not the same, and the time of 
exposure to temperature is two hours for the high temperature and 
24 hours for the low temperature. The data are too few to permit a 
determination as to whether or not the break in the low temperature 
curve is significant. 

UNIVERSITY OF MIssouRI 
Cotumst1A, Mo. 
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ORIGIN AND STRUCTURE OF THE SECONDARY 
ROOT OF SAGITTARIA 
CONTRIBUTIONS FROM THE HULL BOTANICAL LABORATORY 430 
CHARLES F. SEVERIN 
(WITH TWENTY FIGURES) 

The origin of root structures appears to have been determined so 
definitely by past investigators that apparently there is little need 
to reinvestigate this region. It would seem advisable, however, to 
check their work from time to time, to see whether the present tech- 
nique and point of view can both confirm the earlier findings and 
add details. This paper, therefore, is the result of a check on the 
work of JANCZEWSKI (1, 2) with the roots of plants. While several 
forms have been studied, only the results obtained with the various 
forms of Sagittaria latifolia are here described. 

Since mitotic figures seemed necessary in tracing cell generations, 
the time of collecting and killing the specimens was varied. Roots 
killed about noon gave the maximum number of figures. Various 
killing reagents were used. Chromo-acetic 1. per cent and formalin 
4 per cent plus alcohol 60 per cent gave good results, while Carnoy’s 
solution blasted the tissue, and Flemming’s, medium and weak, did 
not give results superior enough to justify the extra trouble. 

The roots were cut in paraffin 7 or 8 yw thick, and stained in the 
haematoxylins or in safranin with a counterstain. While cross-sec- 


tions showed a greater number of sections of developing lateral 
roots, long sections were also necessary to form an idea of the true 
shape of the developing root and to get median sections well ad- 


vanced, since the rootlets soon assume a downward direction within 
the mother root. 

While the histogenic regions have already been determined, yet 
two things in the root of Sagittaria seem to deserve attention, the 
rise of the secondary root and the development of the intercellular 
spaces. Observations indicate that the primary, adventitious, and 
secondary roots all have the same histogenic regions: calyptrogen, 
93] [Botanical Gazette, vol. 93 
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dermatogen and periblem in common, and plerome. This has been 
found to be a common condition in monocotyledons. While the re- 
gions of the root are easy to determine, their origins are rather more 
complex, each kind of root presenting its individual problem. Only 
the rise of the secondary root from the adventitious root will be 
discussed here. 

The pericycle of the adventitious roots develops rapidly and gives 
rise to many rootlets, so that a longitudinal section of a root may 
show practically all stages of origin of secondary roots. It is difficult 
to determine the very first stage of rootlet development. The con- 
dition shown in fig. 1, in which the rootlet apparently develops from 
one pericycle cell, is occasionally seen; but the more common condi- 
tion shows the enlargement of a plate of cells (fig. 2) before any peri- 
clinal division takes place. Even in this case the lateral cells must 
be involved, since no divisions of the upper and lower cells were 
found which would indicate increase in lateral bulk. Previous to the 
periclinal division of the pericycle cells, it is difficult to determine 
whether a cell division is to initiate a rootlet or merely to add to the 
length of the pericycle. It has not been decided, therefore, whether 
the rootlet is initiated by one cell or by a plate of cells; but if a plate 
of cells does initiate the rootlet, the center one is always larger and is 
at least one cell generation ahead of the surrounding cells, an advance 
which is maintained throughout all its future generations (figs. 3-12). 

After a patch of pericycle cells has enlarged, the middle cell divides 
periclinally and then anticlinally, the surrounding cells dividing in 
the same way but later (figs. 3-7). JANczEWSKI (2) states that ‘“‘the 
root is almost always engendered by three pericyclic cells of which 
the two laterals constitute the cortex of the rootlet while the median 
cell cuts transversely into two parts, the lower of which becomes the 
central cylinder while the upper serves to complete the cortex.” 
Judging from figs. 3—5, it seems apparent in this root that a group as 
many as five cells wide usually is involved in rootlet formation; that 
not only the middle cell but also its immediately surrounding layer 
of cells enters into the plerome; that the outer row of cells may add 
to the cortex; and that the top cells cut off give rise to cap, epidermis, 
and cortex. Also some sections (figs. 7, 8) would seem to indicate 
that the first periclinal division does not mark off the entire plerome, 
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FIGS. I-12.—Fi 


g. 


g. 1, longitudinal section of root tip showing three stages of rootlet 
development. Fig. 2, same in cross-section. Figs. 3, 4, longitudinal sections showing 
stages beyond fig. 1. Figs. 5, 6, longitudinal sections with inner cortical layer investing 
rootlet and showing breakdown of cortical tissue. Fig. 7, first cell of calyptrogen in 
longitudinal section. Fig. 8, cross-section with axial row probably adding to cortex in 


addition to central cylinder. Fig. 9, cross-section with all regions of rootlet differentiat- 
ed. 


Figs. 10, 11, mechanics of thrust of rootlet, cross-section. Fig. 12, advanced stage 
of rootlet, cross-section: c, calyptrogen; cc, central cylinder; e, epidermis; ic, inner layer 
of cortex; p, pericycle; ph, phloem; p/, plerome; x, xylem. X 220. 
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but that it is added to by further divisions of the top cell. Through- 
out the secondary root, the central cylinder usually remains three 
cells wide, with the middle row one to two cells in advance of the 
surrounding layer 

The cells which result from the first periclinal division of the peri- 
cyclic cells divide anticlinally, and after several generations, during 
which they have added to the cortex, give rise to the calyptrogen 
(fig. 9). The origin of this calyptrogen has been a matter of discus- 
sion, REINKE (3) claiming that it originates from that layer of the 
cortex which closely invests the rootlet during its development; while 
JANCzEWSKI (2) claims that it is differentiated from cells of pericyclic 
origin. Judging from fig. 12, it would appear that REINKE was cor- 
rect, but a careful tracing of cell origins shows that while the cortical 
layer completely covers the rootlet, it adds only to the lateral bulk 
of the cap, and that the real calyptrogen comes from divisions of 
cells which are pericyclic in origin. The dermatogen arises after the 
calyptrogen is well defined, and has its origin in common with the 
cortex throughout the life of the plant. 

The young rootlet, protected by the inner cortical layer of the 
mother root, assumes the shape of a wedge as it forces the cells of the 
cortex apart (figs. 10, 11). Since elongation of the mother root re- 
lieves the pressure above and below, the real resistance to the thrust 
of the growing rootlet is due to the pushing apart of the radial walls 
of the cortical cells. The root is therefore different in shape when 
seen in cross and in longitudinal sections. This may be seen by com- 
paring figs. 6 and 1o. Only after the rootlet is well advanced and 
the lateral pressure has ceased, owing to the development of large 
air spaces in the mother root, does it present a symmetrical form in 
all sections. 

Beside the origin of the secondary root, the cortex presents some 
points of interest in the development of its intercellular spaces. The 
cortex of the root is added to from two regions, next to the central 
cylinder and just below the epidermis. As the root increases in diam- 
eter, the cells enlarge and intercellular spaces appear. These spaces 
are of two kinds, those which form air canals and those which carry 
latex. 


The air spaces arise in the ordinary way by a breakdown, or by a 
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splitting of the middle lamella at the corners of the cells, a process 
which continues until the cells assume the form of a cross in all sec- 
tions. As growth continues, these cells break down and there remain 
only partitions a cell wall thick between two or three live hypoder- 
mal layers and a few cortical layers immediately around the stele. 
This arrangement is periodically interrupted by layers of live cells 
which connect the outer and inner live layers. 
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Fics. 13-20.—Figs. 13-15, stages in development of latex vessel in hypodermal layer 
of root; X 220. Figs. 16, 17, stages in formation of intercellular spaces in radial walls of 
cortex; X 350. Figs. 18-20, longisections of differentiation within cortex of alternate 
bands of short and elongated cells: e, epidermis; /, latex vessel; s, air space. X 220. 


In the development of the cortex, the differentiation of these con- 
necting layers is early marked out. As the cortical cells increase in 
size, certain groups of them do not enlarge in the long axis of the 
root. Figs. 18-20 show these regularly occurring bands of narrow 
cells, which have small intercellular spaces. With continued growth 
of the cells these narrow bands become more noticeable. Cross-sec- 
tions of the root show that for a while they enlarge with the diameter 
of the root, but seem to have lost their power of division. Continued 
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growth of the region next to the stele and of the hypodermal region 
stretch these cells. Then breaks occur in patches in the middle la- 
mella, on the radial faces of the cells (figs. 16, 17); and the connect- 
ing strands are stretched more and more, until they may be as long 
as the cell is wide. They may even break without appearing to in- 
jure the cell, so far as staining reactions indicate. 

The spaces which carry the latex arise in the second hypodermal 
layer, and are similar in development and appearance to resin ducts. 
A cell divides to give rise to a 5-sided cell (fig. 13 B). This cell di- 
vides radially and then tangentially (fig. 14). The middle lamella 
breaks down at the point of contact of the four cells thus formed and 
forms a continuous passage (fig. 15). These tubes arise within the 
region of the root cap and extend into the stem, where spaces having 
similar form and method of development are found. These latex 
spaces seem to suffer from crowding and a few are lost entirely as a 
result of crushing. 

Summary 

1. All types of roots of Sagittaria latifolia have the same histo- 
genic regions: calyptrogen, dermatogen and periblem in common, 
and plerome. 

2. The rootlets arising from the adventitious root probably come 
from a plate of pericyclic cells, since single origins show little evi- 
dence of anticlinal division adding to the lateral bulk of the meris- 
tematic group. 

3. The plerome of the rootiet is probably differentiated with the 
first anticlinal division, but some sections indicate its later separa- 
tion from the common meristematic group. The plerome arises as 
a plate of cells with the central cell more developed, and not from 
a single cell. 

4. The inner layer of the mother root completely covers the tip 
of the rootlet and adds to its lateral bulk, but does not give rise to 
the calyptrogen. 

5. The intercellular spaces of the cortex are of two kinds, gas 
spaces and latex canals. The gas spaces enlarge and break down 
most of the cortical cells. These spaces are interrupted by plates 
of live cells at right angles to the long axis of the root. These plates 
of cells are the only live connections between the hypodermal layers 
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and the stele, and develop peculiar rows of intercellular spaces on 
their radial faces. 

6. The latex canals arise in the second hypodermal layer, and 
apparently are reduced in number by lateral pressure. 


I am deeply indebted to Dr. W. J. G. Lanp for his helpful as- 
sistance in the preparation of this paper. 
De LASALLE INSTITUTE 
Curcaco, ILL. 
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A BISPORANGIATE CONE OF 
TSUGA CANADENSIS 


STELLA HOLMES 


(WITH THREE FIGURES) 


A bisporangiate cone of Tsuga canadensis was found while killing 
a collection taken from a group of young trees on the campus of the 
University of Illinois. No other of its kind was found on the 
branches within reach of the ground. There is apparently no men- 
tion of this genus in the literature of this subject; but similar cones 
have been reported for Larix microcarpa by CRAMER (according to 
MASTERS 5), for L. europaea by BARTLETT (1), for L. occidentalis by 
KirKWoop (4), for Pinus (Picea) alba by BRAUN, MOHL, and 
SCHLEIDEN (according to MAsTeRs 5), for Abies (Picea) excelsa and 
Picea nigra by DICKSON (2), for Pinus maritima by GOEBEL (3), 
for Pinus montana by STEIL (9), for Sequoia sempervirens by SHAW 
(8), and for Juniperus communis by RENNER (7). In a German tera- 
tology by PENziG (6), all these cases are noted and also citations of 
additional species of Pinus and Picea. 

This cone of Tsuga is as reported for all similar ones, except Abies, 
in that it has the lower sporophylls staminate and the upper ones 
ovulate, in appearance at least resembling the condition in Wel- 
witschia and in angiosperms. Abies cones showed staminate struc- 
tures both above and below the ovulate scales. The cone was a 
trifle smaller than the average of the same collection. 

Microtome sections showed that the two lower rows were normal 
microsporophylls, with the pollen in 1-, 2-, and 3-celled stages as it 
was in the normal cones. Immediately above these were normal 
ovuliferous scales with ovules in the megaspore mother cell condi- 
tion, as shown in figures 1-3. These figures indicate that there were 
no transitional scales, no unusual growth on the sporophylls, no 
resemblances between them, and no abnormalities in pollen develop- 


ment such as were found in other bisporangiate cones. In fact, the 
Botanical Gazette, vol. 93] [100 
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striking feature of this 7’suga cone was the lack of physical disturb- 
ance in the bisporangiate condition. 


Fics. 1-3.—Fig. 1: a, approximately median longitudinal section of microsporo- 
phyll; 6, oblique longitudinal section showing characteristic tip; c, oblique cross-section 
through pollen sacs; d, oblique longitudinal section of ovuliferous scale and bract with 
ovule in megaspore mother cell stage; X55. Fig. 2, pollen grains with male gameto- 
phytes in 1-, 2-, and 3-celled stages; X 450. Fig. 3, detail of ovule in megaspore mother 
cell stage; X 450. 


The writer is grateful to Dr. J. T. BucHHotz for his directions in 
the preparation of this note. 
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A NEW SPECIES OF ANTHOCEROS FROM RANGOON 
L. P. KHANNA 
(WITH SIX FIGURES) 
The species here treated is the common Anthoceros found in Ran- 
goon during the months of May to October. It grows in shady places 
in light green patches, generally mixed with other plants, the com- 


monest being Riccia himalayensis, Notothylas sp., and Bryum sp. 


Fics. 1-6.—Fig. 1, female plant, X0.56; fig. 2, male plant, Xo0.56; fig. 3, epidermal 
cells; fig. 4, stoma; fig. 5, spore; fig. 6, elators. 


Anthoceros weistei sp. nov.—Herba dioecia. Plantae femininae 
30-50 mm. diametro, lobatae lobis leviter dentatis, margine suber- 
ecto. Cellae epidermidis 48-55 X 38-44 mu, quorum quaeque unum 
grande lobatum habet chloroplastum. Transversa herbae sectio 8-13 
cellas alta in medio, 2-3 cellas ad marginem. Costa media deest dis- 
tincta. Rhizoides aliquando granosi, saepius laeves. Involucrum 
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6-10 mm. longum et 1.5~—2.5 mm. latum, cylindricum, apicem trun- 
catum versus paulo angustius. Capsula fusca, 30-66 mm. longa et 
0.3-0.5 mm. lata. Stomata 57-66 yw longa et 27-35 wu lata, aliquibus 
cellis, nominatis custodibus, impariter longis. Spori 38-53 mu, atro- 
brunnei, spinis curvatis nitidisque muniti. Pseudo-elatores 120-175 
u longi, 5~-9 w lati, brunnei, unicellulares, multiformes, muris crassis. 

Plantae masculinae 20-76 mm. diametro, in cavo antheridiali 
plurima ferentes antheridia. Matura denique antheridia praecelsa, 
163-215 w longa et 36-44 um lata. 

The longer size of the capsule and the presence of 1-celled pseudo- 
elators and of spinous spores separate the present form from the five 
Indian species so far described: A. erectus Kashyap 1915; A. hima- 
layensis Kashyap 1915; A. chambensis Kashyap 1917; A. gollani 
Stephani 1916; and A. longii Stephani 1916. As it does not resemble 
any other species it must be regarded as new. The trivial name weis- 
tei is selected in acknowledgment of my indebtedness to Miss D. E. 
WEIsTE, Lecturer in Botany, University College, Rangoon. 

UNIVERSITY COLLEGE 
RANGOON, BURMA 


Accepted for publication August 26, 1931 
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BRIEFER ARTICLES 


CHROMOSOMES OF NOTHOSCORDUM BIVALVE 


In a recent paper ANDERSON’ reports the haploid number of chromo- 
somes in Nothoscordum bivalve (L.) Britton as nine. He gives one figure 
of a dividing microspore nucleus which shows seven of the chromosomes 
with median or submedian constrictions and the other two with terminal 
constrictions. 

During the past two years, as time permitted, the writer has been mak- 
ing a study of microsporogenesis in this plant on material collected at 
A. & M. College, Mississippi, in 1925 and subsequently. The most satis- 
factory fixative used was a modification of Navashin’s solution, the for- 
mula for which was given to me in a letter from Dr. Kart Sax. Both 
Flemming’s triple and iron-alum haematoxylin stains gave satisfactory 
results. A few smear preparations of pollen mother cells were made, fixed 
in the Navashin solution, and stained in crystal violet-iodine. In all this 
material the heterotypic metaphases show nine bivalent chromosomes, 
some of which have a very unusual appearance, as will be mentioned later. 

Root tips, fixed in Flemming’s weaker solution and stained with the 
triple stain or with iron-alum haematoxylin, show clearly 18 somatic 
chromosomes during mitosis. But in consequence of the number and of 
the consequent crowding, the numbers having respectively median or 
submedian and terminal constrictions have not been definitely deter- 
mined. However, the two types of constriction reported by ANDERSON 
are clearly evident. 

At diakinesis and during the heterotypic metaphases closed circles, or 
“rings,” of what at first examination appear to be four univalent chromo- 
somes joined end to end are frequently seen. What seem to be two bi- 
valent pairs attached end to end are also common. There are in each 
pollen mother cell nucleus seven such “rings”’ or ‘‘double pairs’? and two 
ordinary bivalents. If these “rings” and “double pairs” were actually 
joined pairs of bivalents a somatic number of 32 chromosomes would be 
indicated. This, however, is not in accord with the somatic number of 18 
as shown in root tips, nor with the number reported by ANDERSON. 

‘ANDERSON, EpGAR, The chromosome complements of Allium stellatum and 
Nothoscordum bivalve. Ann. Mo. Bot. Gard. 18: 465-468. 1931. 
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The conclusion of the writer is that seven of the apparent compound 


groups are really bivalents, each a pair of univalent homologous chromo- 
somes which are deeply and prominently constricted in the median or sub- 
median region. The terminal constrictions in the two remaining pairs 
have not been seen clearly thus far in the preparations of the meiotic 
stages, but the median or submedian constrictions can be followed easily 
through all the later stages of meiosis. 

A more detailed account of the conditions here outlined, with figures, 
will appear in a later issue of this journal—Joun M. Brat, University of 
Chicago. 





CURRENT LITERATURE 


BOOK REVIEWS 
Monocotyledons of southeastern Polynesia 

For some time Brown, until recently of the staff at Bishop Museum in 
Honolulu, has been studying the flora of southeastern Polynesia. The first part 
of his accumulated manuscript has lately been published by Bishop Museum.' 
This deals with the monocotyledons. Two editions seem to have been issued, per- 
haps some weeks apart. The first states, on the reverse of the title sheet, 
“Completed and submitted for separate publication September 1928.”’ The 
second omits this information but seems otherwise identical. Both editions dis- 
play a great number of errors, chiefly typographical. It would seem that the 
great importance of this work, if not indeed a sense of obligation and justice 
to its author, should have stimulated to greater carefulness those who were re- 
sponsible for its editorial supervision. 

The text is concerned chiefly with the results of BRown’s work as Botanist 
of the Bayard Dominick Expedition to the Marquesas Islands, 1921-1922. In 
the Marquesas group he made a 17-months’ survey, and some 7 months’ addi- 
tional work was done in Fiji, New Zealand, Tahiti, etc. A total of 34 islands were 
explored. Supplemental to the botany of these islands, studies were made also 
of their geography, geology, meteorology, ethnography, and various other as- 
pects. 

As is well known, the Marquesas have been but slightly explored in the past. 
Consequently BRown’s extensive collections revealed a great number of new 
species, varieties, and forms. These are described in English, contrary of course 
to the requirements of the International Rules. This variance from the Inter- 
national Rules in failing to use Latin for original descriptions has the effect of 
putting a premium for years to come upon renaming and redescribing in Latin 
the recently proposed species, etc., thus validating an entirely new set of names 
and relegating to synonymy those coined by Brown. Somewhat as if by way of 
anticipating such a turn of events, BROWN has designated certain new plants by 
letter only; for example, Lepturus repens vars. a, B, y, y (pp. 89-90). Here, of 
course, we can hardly condone the use of the first Greek letter, a, for a variety 
which is not the species proper and hence could not, according to the more con- 
ventional usage, as an understood var. typica or genuina or normalis, merit the 
first letter. 

A vast storehouse of information concerning native names is presented. These 
are later tabulated in a special index. The various illustrative plates are mostly 
excellent. These, however, have been grudgingly crowded by the publishers, 
two to each sheet. The spelling Nukuhiva is used throughout for the well-known 


™ Brown, F. B. H., Flora of southeastern Polynesia. I. Monocotyledons. 8vo. pp. 
i+194. Pls. 35. Honolulu. September, 1931. 
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Nukahiva of the Marquesas group. This is reflected in the spelling nukuhivensis 
for a number of the novelties described. 

Because of the hitherto comparatively scanty floral studies of the region 
covered and because also of the indefatigable zeal with which BRown’s studies 
were prosecuted, the volume will be recognized at once as of vast importance to 
plant taxonomists interested in the Pacific floras. It is to be hoped, however, 
that the authorities of Bishop Museum will find it possible for future parts of 
this classical work to obtain prompter publication. Three years’ rest “‘in press” 
seems inexcusably long for volumes of such great interest and far-reaching im- 
portance.—E. E. SHERFF. 

Textbook of plant physiology 

The second volume of KostyTscHEw’s? textbook of plant physiology has ap- 
peared under the joint authorship of KostyTscHEW and WENT. The first volume, 
on chemical plant physiology, was published several years ago (1926). It is in: 
deed fortunate that the work was completed before KostyTscHEW’s untimely 
death, which occurred at about the time the book was ready for distribution. 

The chapters (IX to XV) are numbered consecutively with volume I. Chap- 
ter IX is an excellent summary of the fundamental properties of protoplasm and 
matter in general, which control physiological behavior. Such topics as energy 
changes in living systems, temperature coefficients, physical and chemical na- 
ture of protoplasm, osmotic phenomena, diffusion, permeability, equilibria, etc., 
are considered. A splendid basis is thus laid for an understanding of the sub- 
strate in which physiological action occurs. 

Chapter X deals with the intake of water and salts by roots, root pressure and 
“bleeding,” and loss of materials from the plant body. In the discussion Kosryt- 
SCHEW temporizes with the terms “‘suction force’’ and ‘‘suction pressure.” He 
takes exception to the term Saugkraft, but misses the main point in objecting to 
the use of Kraft. Saugdruck, which he suggests, is no better, nor is “suction 
tension”’ satisfactory. The difficulty, of course, is that under the conditions ex- 
isting in the plant there is xo suction. No unsuitable term should be considered 
immune from change, especially one not over 15 years old, just because it has 
been commonly employed in Europe. However, this does not detract from the 
excellent summary of the primary facts of water and mineral absorption pre- 
sented. The following chapter continues the discussion of the water economy of 
the plant. Transpiration, stomatal movements, influence of environmental fac- 
tors, daily march of transpiration, regulatory phenomena, water balance, eco- 
logical aspects of water relations, transpiration coefficients, water requirement, 
and drought resistance are the main topics presented. Chapter XII takes up the 
problems of sap movement, the causes of movement, the vascular elements, up- 
ward and downward movement of materials in the vessels, resistance to move- 


2 KosTYTSCHEW, S. P., and WENT, F. A. F. C., Lehrbuch der Pflanzenphysiologie. 
Vol. II. Stoffaufnahme, Stoffwanderung, Wachstum und Bewegungen. 8vo. pp. vi+ 
459. Springer. Berlin. 1931. 
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ment, the distribution of forces in the plant, cohesion theory of sap rise, vital 
theories, translocation in sieve tubes, and the function of latex tubes. A logical 
continuation of this subject occupies chapter XIII, which takes up translocation 
and distribution of the nutrient substances, mineral and organic. This chapter 
considers also some of the special nutritional problems, seed germination, fruit 
formation and ripening, and mobilization of reserves. The whole work is worthy 
of careful reading and study, as KostyrscHEwW has summarized our present 
knowledge in masterly fashion. 

In the final chapters WENT deals with the problems of growth and movement. 
It is fortunate that this has been done by one with so much first-hand knowledge 
in this field. Much of the best recent study on growth and response has come 
from WENt’s laboratory at Utrecht. The most interesting and valuable parts 
are his discussions of growth substances and hormones, formative effects of the 
environment, regeneration, correlation, and periodic growth phenomena. There 
is no work yet which has a well organized treatment of plant movements, but 
Went has presented a very good account of these responses. 

Taken as a whole, the reviewer considers the work as the best summary of 
plant physiology available at present. Along with KostyrscHEw’s brilliant re- 
search, this textbook will stand as an enduring monument to the character and 
quality of his work.—C. A. SHULL. 

Plant physiology 

James has written a good elementary plant physiology, suitable for students 
who have had little, if any, training in the subject, and which could be used with 
profit by upper high school or first year college students. In general the method 
employed in presenting the material seems to be to give the main principles of 
plant physiology, for the most part omitting details, elaborate theories, and con- 
troversial matter; yet recent research work is referred to when it is needed to 
elucidate the principle being discussed. In case the point being presented can 
hardly be considered as definitely established, this fact is usually indicated by a 
qualifying word or phrase. At the end of each chapter are outlined experiments 
covering the material of the chapter. These experiments are well chosen and full 
directions are given. They do not require elaborate apparatus, and so are suit- 
able for the laboratory of limited means. The book is well illustrated, most of the 
illustrations being original. 

The scope of the book and the arrangement of topics are indicated by the 
chapter headings: material and energy; sugars and the plant materials formed 
from them; nitrogenous compounds; decomposition of sugars and liberation of 
energy; protoplast; water; irritability and growth. 

There are some errors in the book and some statements which, it seems to the 
reviewer, although essentially true, should have been qualified even in writing 
for elementary students. There are no references given and this seems a mistake 


3 James, W. O., An introduction to plant physiology. pp. vilit+-259. Figs. 74. Oxford 
University Press. New York. 1931. 
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even in an elementary textbook; but in the main the author has succeeded in 
writing a well balanced book, in which the main principles of plant physiology 
stand out clearly.—S. V. Eaton. 


Ecology of the forest 

It has too often happened that foresters know little of ecology and ecologists 
are unfamiliar with the principles of forest management. It is a pleasant sur- 
prise, therefore, and also a mark of progress, when a professional forester writes 
a book on ecology.‘ This distinction is likely to make the recent volume by 
DENGLER of more than ordinary importance. 

Beginning with a consideration of the forest as a type of vegetation, there is a 
description, with map, of the forest formations of the world and a discussion of 
the relations of forest to tundra, steppe, grassland, heath, and moor. There fol- 
lows a more detailed consideration of the forest types of Europe, and more espe- 
cially of Germany, together with the limits of their distribution. The second 
section of the book contains a detailed consideration of the climatic, edaphic, and 
biotic factors which control forest development and the growth of individual 
tree species. Quantitative methods of investigation are emphasized and some 
of the investigations reported will be new to most American ecologists. The third 
section is essentially a discussion of the ecology of forest life. Flowering, fruiting, 
seeding, reproduction, germination, seedling growth, youth, maturity, old age, 
disease and death of trees are all among the topics considered. 

The book will bring to American foresters the riper experience of their Euro- 
pean colleagues, and will form an important addition to the ecologist’s library. 
It is freely illustrated and most of the illustrations are significant, while among 
the citations of literature are many articles that are likely to be overlooked by 
ecologists.—G. D. FULLER. 


Moss flora of North America 


It is a pleasure to note the appearance of Part 2 of Volume III of Grout’s 
new volumes’ on the moss flora of North America north of Mexico, of which 
Part I was previously reviewed in this journal.é Part I included the Climaceae, 
Porotrichaceae, Isotheciaceae, and Brachytheciaceae and treated them as sub- 
families of the Hypnaceae. Part 2 includes similarly the subfamily Ambly- 
stegieae, with 12 genera. There are two new specific combinations, Hypnum 
novae-caesareae Austin being now placed in Hygrohypnum, and Hypnum schre- 


4 DENGLER, ALFRED, Okologie des Waldes; mit besonderer Beriicksichtigung des 
deutschen Wirtschaftswaldes. pp. vit-272. Figs. 113. 2 maps. Julius Springer, Berlin. 
1930. RM. 25. 

5 Grout, A. J., Moss flora of North America, north of Mexico. Vol. III. Pt. 2. pp. 
63-114. Pls. 15-29. Published by the author, 1 Vine St., New Brighton, Staten Island, 
New York City. 1931. 
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bert Willd. in Calliergonella. There are also several new combinations and a few 
hitherto unnamed mosses among the varieties and forms. 

Part 2 upholds the same high standards of scientific treatment, typography, 
and illustration that characterized Part 1 and it is to be hoped that other parts 
will follow in more rapid succession.—O. E. JENNINGS. 


NOTES FOR STUDENTS 

Forest trees of Hokkaido, Japan.—This fine series of illustrated descriptions, 
already noted in this journal,’ is now brought to a conclusion by the appearance 
of the fascicles which complete the third volume.’ The high quality of the col- 
ored plates is maintained and the descriptions in both English and Japanese 
make the volume widely useful. There is a complete index for the three volumes, 
containing Latin, Japanese, and Ainu names for the various species. The Japa- 
nese and Ainu names are given in both Roman and Japanese characters. The 
fascicles now appearing contain plates and descriptions of Phellodendron sachali- 
nense, Picrasma quassioides, Rhus trichocarpa, R. semialata, Ilex macropoda, 
Evonymus oxyphylla, E. hians, Acer ukurunduense, A. ginnala, A. japonicum, 
A. palmatum, A. cissifolium, A. pictum, A. mayrii, A. miyabei, Aesculus turbina- 
ta, Rhamnus japonica, Tilia japonica, T. maximowicziana, Kalopanax septemlo- 
bum, K. sciadophylloides, Aralia elata, Cornus controversa, Styrax obassia, S. ja- 
ponicus, Fraxinus sieboldiana, F. mandshurica var. japonica, and Syringa japoni- 
ca.—G. D. FULLER. 

Mitogenetic rays.—The theory of GuRwitscH that rays are given off by cells 
or cell extracts that will induce division in other cells has had a remarkable de- 
velopment in recent years. These mitogenetic or M-rays are claimed to be iden- 
tical with ultraviolet light, having the same induction effect on root tips and sub- 
ject to rectilinear transmission, reflection, refraction, diffraction, and absorption. 
They are thought to be caused by metabolic oxidation or action by a specific 
enzyme ‘‘mitotase.” 

TayLor and HarvVEY,’ in an important article, list 52 papers supporting the 
general theory and reporting positive results with many kinds of tissue—root 
tips, sterile plant pulp, bacteria, yeast, muscle, nerve, epithelium, tumors, etc. 
The detectors used were mostly onion root tips and in much less degree yeast, 
bacteria, eggs, and other tissues. The results with the onion root depend on the 


7 Bot. Gaz. 83:328. 1927; 87: 330. 1929. 

8 MrvaBE, K., and Kuno, Y., Icones of the essential forest trees of Hokkaido. Pub- 
lished by Hokkaido Government, Sapporo 2: Fasc. 20. 59-69. pls. 59-61. 1928. 3: 
Fasc. 21. 1-8. pls. 62-64. 1929; Fasc. 22. 9-14. pls. 65-67. 1929; Fasc. 23. 15-20. 
pls. 68-70. 1930; Fasc. 24. 21-26. pls. 71-73. 1930; Fasc. 25. 27-32. pls. 74-76. 1930; 
Fasc. 26. 33-38. pls. 77-79. 1930; Fasc. 27. 39-44. pls. 80-82. 1931; Fasc. 28. 45-75. 
1931. 

9 Taytor, G. W., and Harvey, E. N., The theory of mitogenetic radiation. Biol. 
Bull. 61: 280-293. 1931. 
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claim that there is a radial symmetry in the distribution of mitoses in an onion 
root with a deviation never exceeding 10 per cent. Such symmetry has been de- 
nied by a few workers, notably von GUTTENBERG, one of whose papers has been 
reviewed in this journal." By careful study of symmetrically cut onion roots, 
unexposed to any supposed source of M-rays and grown under ordinary condi- 
tions as well as in absolute darkness, TAyLor and Harvey have demonstrated 
variation in number of mitoses in halves of roots as high as 50 per cent. They 
therefore claim that M-rays cannot be demonstrated with such material. Since 
ultraviolet light affects a photographic plate regardless of intensity if exposure 
is long enough, they grew onion roots over inverted flat bottom quartz flasks 
only o.2 mm. thick, estimated to transmit 75 per cent of the ultraviolet of 2000 
Angstroms striking it. Superspeed film pressed against the inside of the flask 
showed no signs of radiation when developed after various periods up to 24 
hours. With yeast instead of roots, exposures were carried up to 144 hours, and 
by changing the cultures to 360 hours, but without effect on the film. Finally, 
with similar changes of cultures, film in quartz test-tubes was kept in active 
yeast for as long as 89 days without result. In all cases adequate controls were 
run. 

“The authors conclude in view of their negative evidence that the existence 
of a mitogenetic radiation in the form of ultraviolet light by normally growing 
onion roots and yeast plants cannot be accepted as a fact 
to place them in the same category as the famous n-ray of BLONDLOT (1903), 
shown to be a purely subjective phenomenon by Woop (1904) and GEHRCKE 
(1905).”—R. O. EARL. 


© Ear, R. O., Bot. GAz. 86: 119-120. 1928. 


™ WuiteE, P. R., Bot. GAz. 87:438-440. 1929. 
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